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(54) Title: METHODS OF GENERATING HUMAN CD4+ TH2 CELLS AND USES THEREOF 



^ (57) Abstract: A method is provided for producing a population of sobstantially purified CD4* Th2 lymphocytes. The method 
2 includes stimulating a population of substantially purified CDA^ T cells isolated fxom a subject by contacting the population with an 
immobilized anti-CD3 monoclonal antibody and an immobilized antibody that specifically binds to a T cell costimulatoiy molecule 
Q in the presence of Th2 supportive environment to fonn a stimulated population of T cells. Purified populations of Th2 ceUs are 
^ disclosed herein, as are methods for their use. For example, substantially purified CIM*^ Th2 lymphocytes can be used to treat 
^ graft-versus-host-disease, tumors, and autoimmune disorders. 
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BfETHODS OF GranSRATING HUMAN 

CROSS REFERENCE TO RELATED APPLICATION 
This a|)p]icatioii claims pnanty to U.S. Provisional Application No. 60/302^36 filed July 2, 
2001» herem incoipozatcdbyxcference in its culliely. 

FEBLD 

This appljcation relates to ibc TocOxods for purification of CD4^ Th2 cells, to substantially 
puzified populations of CD4^ 1112 cells, and to therapeutic uses purified CD4* Th2 cells. 



BACKGROUND 

Hie T lymphocyto CT celT) is a key cell type in the human cellular immune system, providing 
bodi&nctioiiandlriochaamcalcQntroL T cells are classified based on which cell suc&ceieceptors and 
cytddnestfaeyaqxress. The eaqnesaionofcensnifiu»iecc|>tDisCD4 and/or CDS are genoa^ 

IS" * define two bread dasm iofTcdls; ^!^ 

presented to &eT cells by antigen presenting cells (APC). Certain matoreT cells express only OM but 
not CDS (tenned CEM^ceDs), while odicr mature TceUs escpress CDS but not CD4 (tetmsd CDS*^ cells). 

CDS^ cells recognize peptide antigens that are presented on MHC class I noolecules. l^xm 
activatLon by an APC (which involves binding of bodi a stimulatory antigen and a costimulatoiy ligand), 

20 a CDS^TceU matures into a cytotoxic TceD, which has defined fimctions and charactezi^ CD4'*'T 

cells recognize antigens that are presented on MHCdbssIInaolecules. When activated by an APQ CD4* 
T cells can differentiate into The^)er(rh) cells. Th cells have been divided into subclasses based on 
their cytokine secretion profiles. Thl celb secrete a specific set of c^kmes,mchidingmlerfe^^ 
(IFN-7) and interleukm-12 (IL-12), int^leukin-2 (IL-2X interferon-^ and lymphotonn and activate the 

25 cellular immunity processes (such as macrophage activation and induction of IgG antibodies by B cells). 
Th2 cells secrete different cytokines (particularly 1L4, IL-5 and IL- 1 0)» and mediate humoral umnumty 
and allergic reactions. 

CD4'*' Thl andlh2 cells are differentially io^licated in immune responses to different diseases 
and other innnune conditions. Recendy, techniques have been developed diat enable the e3q>ansion of 
30 mixed populations of T cells in vitro, mvohdng activation of lyn^>hocytes using **artificial APCs" (see, 
for instance, GarUe ^ OA, 1999; US Patent No. S,S5S35S; andpubhshedPCT AppUcationNos. 
US94/06255 and US94/13782). However, obtaining purified populations of CD4* Thl and lh2 cells 
separately would be beneficial bodi for studying the role of these cells, and for treating various disorders. 
Donor T cells contained in the blood or marrow allograft mediate bodi beneficial and detrimental 
35 post-tcansplant immune effects. T celk rnediate a potentially curative grafi- veirsus-'leukenna (GVL) effect 
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and prevent maTOw graft lejection, bat also caBge^^ llieidative 
balance of these iaiminie effects is a primaiy 

tran^lantatiotL Clinical studies during die I980's using T cell-depl^ed (TCD) marrow allografts clearly 
demonstrated the importance of T cell-mediated immune reactions after alloBMT: recqnents of TCD 
S alkigrafis had greatly reduced levds of GVHD, but Indimichhigh^ 

leukemic relapse (Poynton, Bom. Marrow. liransplanL 3:255-79, 1988). Because TCD-alloBMT dnfiBd 
the cause of mortality fiom GVHD Id leokemia relq>5e and giaft re^ 

a significant treatment advance relative to conventional T cell-replete aOoHMT. These observations have 
pnmipted investigation into &e development of donor T cell administration methodologies which might 
10 preserve an anii-Ieukemic effect and prevent gnift rejection while limiting GVHD. Such methods include 
the administFation of onfy CD4^ donor T cells (Chan^Hn et aL, Transplant Proa 23:1695-6, 1991X or 
the delayed adnadmstratian of donar T cells po8t-4ran^lant (Kolb a al^ Blood. 76:2462-5, 1990). Bodi of 

flieae approacliea havts met with Ihnited msctssL^ «a 1mV«mi'ft rRlapae <mH oignifinw^ ^ffwRln <>f <7yTfy> 

. remain significantproblBms. Tfans^diere is a need to pur% populations ofT cells ftiat can be used 
IS' prevent or linrnt tlttdevekipment of GVHD. 

SUMMARY 

Disclosed herein are novel methods for generating CD4'*' Th2 cells and the purification of these 
cells. Specifica%, culture conditions axe disclosed herein that aUowTh2 cells to ^ 
20 propagated ex Who. The ability to grow and administer substantially pure populatians of Tb2 cells also 
rcfffesents a new ftienpy to prevent or reduce gcaft-versus-host disease (GVHD). Hms^ the abiUty to 
grow Th2 cells represents mediods fox improving allogeneic stem cell and solid organ transplantation, 
ftms providing treatment far various tumors. In addition, die ability to grow and adminislBr substantially 
pure populations of Th2 cells also rqxresents a new therapy to treat or allevmte die synoptoms of 
25 autoimmune disorders in a subject 

In one embodiment, a metibod is provided for producing a population of substantially purified 
QD^ Th2 lyinphocytes. Hie method includes stinmlating a population of substantially purified CD4^ T 
cells isolated fiom a subject by contacting the population widi an immobilized anti-CD3 monoclonal 
antibody and an antibody that specifically binds to a T cell costimulatory molecule in die presence of a 
30 Th2siq)portive environment to form a stinmlated population of T cells. Lxoneernbodimen^dse 
stimulated population of CD4^ T cells is allowed to proliferate m a Th2 sqiportive envhonment 
Purified populations of Th2 cells are disclosed herein, as are methods for their use. 
The foregoing and other objects, features, and advantages of the methods and cells described 
herein will become more sqTpareDt from the following detailed desoqption of a several embodiments, 
3 5 which proceeds with reference to die accon]9>anying figures. 
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BRIEF DESCRIPTION OF THE FIGURES 
Fig. 1 is a grs^ of tlie T cell yield of fauman CIM'*^ cells cuhnred under conditiaDS designed to 
iixluceThl 0ower]ine)orTh2(iq)perlme^ SimUarnumbeisofcelbmre obtained imder 

5 die two sets of culture conditions. 

Fig. 2 aie bar ffapbs showing the cytokines produced ^^len cells were cultored under conditions 
designed to geneia te either Hil or TM cells. The symbol denotes that the CTtoldne oxitent was 
below die detection linut for die assay. 

Fig. 3 are bar graphs showing the cytoldnes produced when CIM^ cel^ 
10 Q>4+RA+ subset or a CD4+R04- subset, and Aen cultured uixier tiie CD3, CX>28 co^timnlation in flie 
specific cytokine conditions diat generate Thl or Th2 cells. 

Fig. 4 is an expansion curve which demonstrates diat two cooomonlyttsedinmmnescqppiession 
drog9» cyclosporine A (CS A) and n^panydn (r^)» have diffetent effects on Tb2 cell goieiation. 
= Fig. 5 are bar gf^hs showing the cytdldnes produced wlm 
IS - designed to gBoentfBllt2 cells i^ 

Fig. 6 is a flow diazt showing 13» plan for the Phase I/D Stod^ 
in an allogeneic perqiheial blood stem cell tmreqilant. 

20 DETAnJED DESCRIPTION OF SEVERAL EMBODIMENTS 

Abbreviations and Temos 
Ibe following eiiplanations of ftenns andmediods are provided to better describe die present 
disclosure and to gmde those ofordinaiysldU in the art in die practice of the present As used 

herein and in the appended claims, the singular fonns ^'a*' or "an** or "die** include plural refeences 
25 unless the context clearly dictates othowise. For exanq>le» reference to "a cytokme" includes a plurality 
of such cytokines and reference to '^e antibody^ includes reference to one or more antibodies and 
equivalents thereof known to those skilled in the art, and so forth. 

Unless explained otherwise, all technical and scientific terms used herein have the same meaning 
as commonly understood to one of ordinaiy skill in the art to vAdch iSm disclosure beloxigs. 

30 

Animal; Living mntticelhilaT vertebrate org^msms^ a category which indudes,foexffi 
mammals and birds. 

Antibody: Inmnmoglobulin nK)lecuIes and immunologically active pOTtions of inmnmoglobulin 
molecules, Le., molecules diat contain an antigen binding site which specifically binds (immunoreacts 
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with) an antigen. la ««« ewnh n dimgnt die antigen is CD3. lia anoAer enabodbnent; tiie antigen is a oo- 
stimulatQiy molecnle (e.g. CD28). 

A Datarally occiming antibocfy (e. g., IgG) mclodes four polypeptide diains» two heavy (H) 
chains aiKl two Hght(L) chains intex-connected by However, flie antigen-bindipg 

S fbnction of an antibody can be performed by fiagmenls of a naturaUy oca Tfaus,these 
antigen-binding j&agments are also Intended to be dRfrignated by tfic term antibody. Examples of bmding 
fragments enpoiiqwssedwitflin the tenn 

CL and CH 1 domains; (ii) an Fd fiagment consisting of the VH and CH 1 domains; (iiO an Fv fragment 
consisting of the VL and VH domains of a single ann of an antibody, (iv) a dAb firagment (Ward al » 
10 Nature 341 :544-6, 1989) which consists of a VH domain; (v) an isolated conylimentarity det eimluin g 
region (CDR); and (vi) an FCab^ fragment; a bivalent fiagment conq>rising two Fab fiagments linked by 
a disulfide bridge at the hinge regioiL Fintiiemaore, although the two domains of the Fvfiagi^^ 
coded fi)r by separate genes, a synthetic linker can be made dut enables 

protem chain (lmowna&sin£^eGhainFv(scFv); Bin! era/. 1988;andH]]Stoneral., 
15 /^oa Mil£ i4o(^ Socli sbigje chain antibodies axe also 

included. 

In one embodiment, antibody firagments fiir use inT cell expansion aze fiiose which are oqmble 
of crosslinking their target antigen, e.g., bivalent fiagments soch as F(ab72 fiagments. Ahematively, an 
antibodyfiragment which dx>es not itself crosslink its target an^ fiagment) can be used in 

20 coiyunction with a secondary antibody \^ch serves to ciosshnk the antib<^ 

cxosslinlong ^ha target antigen. Antil)odtes can be fiagmcnted ^Tstng conventional tecfanujiies and fixe 
fiagments screened fixr utility in the same manner as described for i^iole antibodies. An antibody is 
finther intended to include bispedfic and chimedc molecules that specifically bind the target antigen. 

''Specifically binds" refers to the ability of individual antibodies to specifically immunoreact 
25 wifii an antigen, such as a T cell sux&ce molecule. The binding is a non-random binding reaction 

between an antibody molecule and an antigenic determinant of the T cell surfiu:e molecule. The desired 
binding specificity is typically deteimined finm the reieience point of the ability of the antibody to 
difTerentially bind die T cell suz&ce molecule and an unrelated antigen, and therefore distinguish between 
two different antigens^ particularly where fiie two antigens have unique q>itopes. An antibody diat 
30 q)ecifica]ly binds to a particular epitope is refened to as a "qiedfic antilxxfy" . 

BCdl: ABceUisalynophocytByatj^ofwhitebloodcenOeukocytBXfiiatdeVdqpsintoa 
plasma cell, which produces antibodies. 

Cancer: Malignant neoplasm that has undergone characteristic anaplasia with loss of 
differentiation, increase rate of growth, invasion of smrounding tissue, and is capable of metastasis. 
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C^hCTwfliffiupy? in cancer UeittiUBiit^ G]]CD]Olim^>y icibrs to Hms aduiuiittlnitioiii of one or & 
combination of commands to kill or slow the reproduction of rq>idly niultq;>lying cells. 
Oiemotiiexqyuetic agents include tiiose known by tiiose skilled in tiie art, indnding, but not limited to: 5- 
floorouracil (5-FU), az a t hi oprine, cyclopbosphamide, antimetabolites (such as FhidarabineX 
5 antineoplastics (such as Btoposide, Doxorubicin^ mediotrBxalBy and Vincristine), cafboplatin, cis-platinnm 
and the taxanes» sudi as taxoL 

ChemoflienipyHresistant disease: A disorder that is not responsive to a dmimsli atioa of a 
chemothe rap cnti c agent 

Conoprises: Atom that means 'including." Forexan^le»''oomi»risingAorB'*nieans 
10 including A or B» or both A and unless clearly indicated odierwise. 

Costimnlator of a T cdl: Although stimulation of the TCR/CD3 complex (or CD2 molecule) is 
requited for delivery of a pdmary activation signal in a T cell, a nnniber of moleci^ 
cells, temied accessory or costinmlatxny uKilecnks luve been inq[>lica^ 

resting T cell to blast tranafi ii i iwtio n, and subsequent proliferatioin and difliaca itiatio n pT cell stimnl ation). 

15 " Thus, in addition to die primaiyactm 

cell responses requires a second, costimnlatorysigDaL A costimnlator of a T cell includes^ but is not 
limited to CD28, inducible costinmlatory molecule (I(X>S), 4-lBB recqytur (CDwlST), lynophocyte 
functioiHassocialed antigen-1 (LFA-1), CD30, or CD 154. 

One such costimulatDry or accessory molecule, CD28, is understood to initiatB or regulate a 

20 signal transduction pathway that is distinct from those sffmulated by the TCR complex, Otiier specific, 
nDO-Hmithig exasnples of co-stimulatory molecules are inducible costimulatKxy molecule (ICOS), 4-lBB 
receptor (CDwlST), lymphocyte functionrassodated antigeo-l (LFA-1), CD30, or C3>154 (see Saloxnun 
andBh]estone,jliiit. Re9, Immunol 19:225-52,2001). 

Thus, to induce an activated population of T cells to proliferate (Le., a population of T cells that 

25 has received a primary activation signal) an accessory molecule on tiie sur&ce of tiie T ceU (e.g. CD28), 
is stimulated with a ligand which binds Has accesscny molecule. In one embodiment, stitoulation of the 
accessor/ molecule is accomplished by contacting an activated population of T cells with a ligand tiiat 
binds to the accessoiy molecule, or with an antibody that specifically binds die accessor 

In one embodiment activation of CD4'*T cells widi an anti-CD3 antibody and an anti-CD28 

30 aitfibody results m selective proliferation of CD4^T cells. An anti-<I>28 monoclonal antibody or 
fiagment diereof capable of cross-linkiqg die CD28 molecule, or a natural ligand for C3>28 (e.g., a 
memibcr of the B7 femily of proteins, such as B7-1(CD80) and B7-2 (CD86) (Freedman et al,y J. 
Immunol 137:3260-7, 1987; Freeman, et al,, X Immunol 143:2714-22, 1989; Freeman, et al^ J. Ejqp. 
Med. 174:625-31, 1991; Freeman cf a/., fcxcncc 262:909-11, 1993; Azuma erfl/.,MrfKre 366:76-9, 1993; 

35 Freeman et a/., J. Exp. Med. 178:2185-92, 1993) can be used to mduce stimulation of tbe CD28 
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moleciile. Inadditioin,bindiiighainologuesofanatnr^ 

chemical or recon^inant technique, can also be used ligands useful for stmnilathig an accessory 
molecule can be used in sohibtefonn or inim^ Andr 
CD28 antibodies of fragments thereof useful in stimtilating proliferation of CD4^ T cells include 
5 monoclonal antibody 93, an Ig!G2a antibody (Dr. Jefifeiy Ledbetter» Bristol Myeis Squibb OHporatKMi, 
Seattle, Wash.), nxmoclonal antibody KOLT-2, an IgQl antibody, 15E8» anligGl antibody, 248.23^ an 
IgKf antibody and EX53D10, an lg32a antibo^ (see U.S. Pafeot No. 5,858358). 

€!ytoidne^terleiilmi (DL): A generic name for a diveisegroiq) of soluble proteins an4 
peptides which act as humoral regulators at nana- to picomolar concentrations and which, eidier under 

10 normal or pathological conditions, mndulatB the functional activities of individual cells and tissues. 

These proteins also mediate interactions between cells direcdy and regulate processes taking place in the 
extracellular environment Many growth fiurtors and cytokines act as cellular survival &ctors by 
preventing programmed cell dea^ Cytoldnes and intedenkmsinchidebofli naturally occoi^^ 
. and vananls that retain fnO or partial biological act^^ Althovigh specific cytokines^nilBr]^^ 

15 described in the spedfjcation, they are not limited to flie q>ecifically disclosed peptides. 

Einhances To inqxrove the quality, amount; or streogfii of somednpg. In one enibodlmeut, a 
dierapy enhances Ac ability of a snbj ect to reduce GVHD, an autoiimnime disorder, and/or tumors in the 
subject if tiie subject is more effective at figjiting GVHD, an autoimmune disorder, and/or tumors. Such 
enhancement can be measured using the methods disclosed herein, fox example determining tiie level of 

20 type Hcytoldiies produced usmg an EUSA, or determhringtiie decrease in 
disorder, and/or tumor. 

Immobilized: Bouidtoasuzfiice,suchasaso]idsai&ce. A soUdsnrftce can be polymeric, 
such as polystyrene or polypinpylene. In one CTabodimenl; die solid surface is die bottom sur&oe of a 
flask or a tissue culture plate. InanodierembodinQentydie solidsur&ceisinthefbrmofabead. A 
25 specific, non-limiting exanyle of a bead is Tosylated magnetic beads (Dynal). Mediods of immobilizing 
antibodies and peptides on a solid sur&ce can be found in WO 94/29436, and U.S. Patent No. 5,858^58. 

Immnno-deplete: To decrease mnnber of lymphocytes, such as CD4* and/or CSDS*^ ceDs, in 
a subject 

Dnmuno-dqileting agent One or more coinpounds, ^len administerBd to a subject, result in a 
30 decrease in die number ofcellsofdieiniinune system (such as lymphocytes)]^ Examples 
include, but are not limited to, chemothBRqieulic agents, monoclonal antibodies, and odier Iheiqnes 
disclosed in EXAMPLE 8. 

Immunologically Normal: A subject diat displays immune system cfaaracterisdcs typical for 
die species to whidi the subject belongs. These characteristics would typically include, among others. 
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fimctionixig B-cells and T-cells as well as stnictural cell components, called cell sur&ce antigens, vrbasb 
act as die mnmnologM; signature for a particular organism. 

TlicuseofsuchirmrnnKiloglcaflynonnalrecyieDl^ 
recipieiif s irimiixne system, via its B- (lnmK>ral tespon^ 
S ceUsinr&ceantigcaisofaforragnceUoraneDgcaflBdtissDeasfiir^^ Tbdsiea^gnition leads idtlDDately 
to an inmmiie lespcmse against Ibe cen OOF tissn^ xesul^ 

graft An inmrnne response against an allogeneic tissue is bx>wQ as host-vosus-graft lejectkm. Hie 
graft can be a solid oig^n, such as a hear^ kidney, liver, or pancreas. 

ImmnnoIoglcaDy Compromised: An^inmmnotogicanyconqiroinisedTec^ent" isasiibject 
1 0 with a geitotypic or a pbenotypic iirmianodeficiency. 

A genotypically-iinmnnodeficient subject has a genetic defect which result in the inability to 
generate eidier humoral or cell-naediatedrespoiise. A qyedfic, noii-limiting example of a genotypically 

• ttnnminnHgfiCTeirf rnKjert la a gfttintypirally fmrmmndgficient mniise, such m a fOTTi mmia» fir a 

bgAm/sdd mice (Andiiole era/., J. J^Kif^ 135:2911, mSiMcCaosetaL^ Science 241:1632, 1988). 

IS La one exanqili^ a gBno^ptcaUy imnmnodefidexit subject is unable to react against a foreign cell or 
eografied allogeneic tissue. 

A phenotypically-iimmmodeficieiit subject is genetically c^mble of generating an immnne 
response, yet has been phenotypically altered such tiiat no refuse is seerL In one specific, non-limiting 
example, a pbenotypically-imnnmodeficient recipient is irradiated. In another specific, non-limiting 

20 exan^le, a phenotypicany-iirnmmodefbient subject has bra 

InterferoD-ganuna (IFN-7): A diinedc protein gtycosykted at two sites widisiibunits of 146 
aminoacids. Murine and human IFN-y have approxiimtely 40% sequence iKMuology at fce protein level 
ThehmiianlFN-ygeneisapproxirnately 6U>,oa!ntaiiisfonrexonsandm^ At 
least six di£ferent variants of naturally occurring IFN-^ have been described, and dififer fixxn each ofbsr 

25 by variable lengths of the Oterminal^ds. IFN-^ includes both naturally occurring peptides, as well as 
IFN-^ fragments and variants that retain fuU or partial biological activity. 

In T helper cells (Thcelb)II^ induces the syntiiesis of IFN-7 and otha IFN-Yalso 
stimulates die agression of la antigens on die cell sur&ce, the cTqnessionof CD4 inThe^>er cells, and 
die e3q>res5ion of high-afSnity recq>tDrs for IgO in myeloid cell lines, neutrofdiils, and monocytes. 

30 IFN-7 can be detected by mummoassay. A specific EUSA test aUows detection of individual 

cells producing IFN-y. Nfinute amounts ofn^-^ can be detected mdirecdy by ineasurmgll^ 
proteins such as Mx protein. The induction of the synthesis of IP-10 has been used also to measure IFN'^ 
concentrations. A new bioassay employs induction of indoleamine 2,3-dioxygenBse activity in 2D9 cells. 
A sensitive radioreceptor assay is also available. 
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ILr-2 : A protdtt of 1 33 amino adds ( 1 5 .4 ]d>a) witii a slightly basic pL JLr2 does not display 
sequence homology to any oilier fectors. Miinneandfaimiann^2 dispkyalK>mology ofqyproxfmate 
65pen%nt 11^ is synthesized as a piecinK>r|Hotein of 153 amino acids witii the 
amino adds functioning as a hydrophobic secretory signal sequence. Hie protein contains a single 
S disulfide bond QK>sition8C^8/105) essential biological actm Naturally occunjngIL-2 is O- 
^ycos^ted at threonine at position 3. However, variants exist wi&diffeient molecular masses and 
cfaargjBS are due to variable gjycosylation. Non-g)ycosylatBdIL-2 is also biologically active. 
GlycosylatiQnsqipeaEstoiminiotediminationofthe&cto^ ItisundeistooddiatIL-2 
includes hoUi naturally occmiing and recombinant 11^2 peptides^ as well as IL-2 fiagments and IL-2 

10 variants that retain full or partialIL-2 biological activity. 

The human IL-2 gene contains four exons. Hie II>2 gene m^ to human chromosome 4q26-28, 
while the mouse gene m^s to murine chromosome 3. Thehomology of murine and human IL-2 is 72 
percent at tiie nucleotide level in the coding region. 

Mouse and human IL'2 both cause proli&ndon of T-cdIs of die hoin^ 

IS' efiBdem^:' 'Hnmttn n>2 also stimulates prolifoatiGn of moose T-cells at similar concentrations, whereas • 
mouse IL-2 stirnnlateslnmianT-cdlg at a lower (sixfold to HCX^fold) eflSdcncy- IL-2 is a growth fiictor 
forallsubpopulationsofT'lymphocytBS. It is an antigen-unspedfic proliferation fector for T-cells that 
induces ceQ cycle progression in resting cells, and allows clonal eiqiansion of activated T-lymphocytes. 
Due to its effects on T-celb and B-ceDs 11^2 is considered to be a centrd regulator of inmi^ 

20 (Wagueq[>ack ei ai^ Brain. Research Bull. 34: 103-9, 1994) 

IL-2 can be assayed in tnoassays enq[>loying cell lines diat respond to die &ctar (eg., ATH8, 016, 
CTIX-2,FIX::Pmix,HT-2,NKC-3,TALL-103). I^)edfic EUSA assays IL-2 and enzyme 
immmioassays for die soluble recqptur are also available. An alternative detection mediod is reverse 
transcriptase polymerase chain reaction (RT-PCR) (e.g. see Brandt et aL, Lymphokine Research 5:S35- 

25 S42 1986; Lindquist et al, /. Immunol Meth, 1 13:231-5 1988). 

£L4: IL4 is a protein produced mainly by a subpopulation of activated T-cells (CD4^TH2 
cellsX which also secrete n^S and IL-6. IL-4 is 129 amino adds (20 kDa) that is synthesized as a 
precursor containing a hydrophobic secretory signal sequence of 24 amino adds. IL-4 is glycosylated at 
two arginine residues (positions 38 and 105) and contains six cysteine residues involved, in disulfide bond 

30 formation. Some glycosylatioa variants of IL4 have been desoibed that differ in their biological 

activities. A comparison of murine and human IL4 shows that bodi proteins only diverge at positions 

91-128. It is understood diatIL4 includes both naturaUy occurring and reco^ 

well as IL4 fiagments and IL4 variants diat retain fiill or partial IL-4 biological activity. 
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The himmll^ gene conlainsfoiirexons^ Kb. Itnapsto 

dmnnDsome 5q23-31y wliile die Tmrritift gene maps to cbiomosome 11, At tiie nadeodde level die 
bumaB and die murine IL-4 gene di^lay qipioxiiiiately 70 percent homDlogy. 

The biological activities of IL4 aie q)ecies-q>ecific; mouse ILA is inactive on hmnan ceDs and 
S hmnan IL'4 is inactive on miirine cells. II^pniniDlesdieprolifecatioiianddiffereDtiati^ 

B-cd]s» die eiqnDBSfflonofclassnMHC antigens^ and of low la. 
addition, TLA is laiowa to enhance eaqgessionof class H MHC antigens on B-cells, Has cytoldne also 
can promote the B-«elte* capacity to respond to odier B-ceU stimi^ 

The classical detection method for TLA is a B-cell costimulation assay measuriiig die enhanced 
10 proliferation of stimulated purified B-cells. JLr4 can be detected also inbioassays, enq>loying 114- 

responsive cells (e.g. BALM-4» BCLl » CXX-1 85, CT.4S, amongst others). A specific detection mediod 
far faaman ILrA is die induction of CDS in a masAxx of B-cell lines with CD23 detected either by dow- 
dimngh cytMniiairy or Ky ft flnnrefigwiftft mimiuMMiggiiy An alteniative and cutir^f difleieiit detection 
mediod b RT-PC!R (for review see: Bovday and Paul, Current Opinion m Immunology 4-294^^ 1992; 
/IS.i'Panl 

IL-5: Murine 11^5 cDNA encodes a protein of 1 13 amino acids^ while the human protein is 115 
aminoacids. Murine and human IL-5 protein sequences are approximately 70% identical The 
biologicaUy active form of IL-5 is an N-^ycosylated antq>arallel homodimer linked by disulfide bonds. 
Monomeric forms are biologically inactive. Non-glycosylated IL-5 is also biologically active. However, 
20 it is understood diatIL^5indndesbodi naturally occurring and 

fiagments and I]>5 valiants diat retain foil or partial IL-5 biological activity. 

IL-5 proinotes the generation of cytotoxic T-cdbfiomdr^mocytes. In diymocytes, IL-5 induces 
die expression of high affinity IL-2 receptors. 

EL-IO: A homodimeric protein with subunrts having 160 amino adds. Hmnan n^lO shows 
25 73% amino acid homology with murine II^IO, and 81% homology with murine IL-IO at die nucleotide 
level However, it is understood that IL-lO includes both naturally occurring and recombinant H^IO 
peptides, as well as 1 0 fiagments and IL- 1 0 variants that retain fidl or partial IL- 1 0 biological activity. 

IL- 1 0 is produced, for exaoqile, by activated CD 8+ penpberal blood T-cells and by Tc2 cells. 

IL-10 can mhibit the syndiesis of a numbv of cytokmes such as IFN-7, IL-2 and TNF-p m Tel 
30 subpqpulations of T-cells. This activity can be antagonized by IL4. IL-10 also inhibits mitogen- or and- 
CD3-indnced proliferation of T-cells in die presence of accessory cells and reduces the production of 
IFN-YandILp2. 

Several mediods can be used to detect IL- 1 0, including, but not limited to : ELIS A; using the 
murine mast cell line D36 can be used to bioassay human IL-10; and flow cytometry. 
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IL-12: ny-12isaheten>diiDBric70]dDagly^^ 
IdDasubunit linked by disulfide boK^ However^ is undeistoodtiiat 11^ 12 includes both nata^ 
ocGuning azid recombinant 11^12 peptides, as well as 11^12 fiagments and IL-12 variants diat retain fiill 
or partial IL-12 biological activity. 
5 IL-12 is secieted by peExpfaerallynq>liocytes after inductile It is produced mainly by B-ceUs 

and to a lesser extent by T-oeDs. The mostpoweifalinduceis of n^l2.are bacteria, bacterial pn 
andparasites. IL-12 is prodnced after stinmlation witbphort)ol estos or calcium ionophore by human B- 
lymphoblastoid cells. IL-12 activatBS I^-«elb positive for CDSd, and this activity is bb^^ 
antibodies q>ecific for TNF-al^ha. 
10 11^12 can be detected by assaying its activity as a NKSF (natural killer c^ell stimulatory fector), 

by a CLMF (cytotoxic lymphocyte maturation &ctor), flow cytometiy, ELISA, or RT-PCR using 
standard methodologies and as described herein. 

Isolated: M^isolflto^biolc^cal component (sudi as a nudeic acid molecule, prot^ 
vascular tissue or hematotogical material, snx^ as blood cempoaents) h^ 
IS purified away fiom other biolc^gicalcoiiqKnienls^i^ cell of the orgainsmia ^^lich the componciit 

naturally occurs. Vascular tissue that has been isolated includes sq>aration by surgical and/or en^matic 
methods. Nucleic acids and proteins tiiat have be^ 'isolated" include nucleic acids and proteins purified 
by standard purification methods. The term also embraces nucleic acids and proteins pr^>ared by 
recombinant esqiression in a host cell as well as chemically synthefrized rmcleic acids and proteins. 
20 An isolated cell, is one w\dch. has been substantially sq)arated or purified away fiom other 

biological con^onentsofdie organism in v^iichte cell naturally occurs. For example, an isolated CP4'*' 
cell population is a population of CD4* cells which is substantially separated or purified away fiom odier 
blood cells, such as CD8^ cells. An isolated Tli2cett population is a population of lh2ce]bwhid^ 
substantially separated or purified away fiom other blood ceDs, such as Thl cells. 
25 Lynqihocytes: A type of white blood cell that is involved in the immune.defenses of the body. 

There are two main types of lyiiq>hocytes: B-cells and T-^Us. 

Lymphoproliferation: An increase in die production of lyiiq>hocytes. 

Malignant Celk which have the properties of anaplasia invasion and metastasis. 

Mammal: This term includes bofli human and nonrhuman mammals. Similarly, the term 
30 ''subjects includes bodi human and veterinary subjects. 

Monocyte: A large white blood ceU in die blood diat ingests nncrobes or odiercelk and forei^ 
particles. When a monocyte passes out ofdie bloodstream and eiiteES tissues, it develops in^ 
macrophage. 

Neoplasm: Abnormal growth of cells. 
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Neutraliziiig amoimt: An ainoiiiit of an agent sofBdeiit to decrease flieact^^ 
substance to a level that is mutetBctaible 1^ 

Non-cultured CeDs: C^lk^viiic^ have not been grown or esqniHled outside o Lione 
embodiment, noncultiired CD4^ and CDS**^ T cells are cells that have been removed and purified fiom die 
S body, but not grown in culture. 

Normal Cdk Non-tomor cell, non-malignant, uninfected cdL 

PharmacentiGaliy acceptable carriers: The idiamiaceuticallyaccqptd>le camera useful widi 
die mefliods described berem are ccMKventionaL Remb^n's Pharmaceutical Sciences^ by B. W. Martin, 
Mack Publishing Co., Easton, PA, IStfa Edition (1975), describes compositiQns and fonmktionssm 

10 fiir pharmaceutical delivery of the cytokines and cells disclosed herein 

la general, die nature of the carrier will depend on the particular nxxle of administration being 
en^loyed. For instance, parenteral formulations usually con^rise injectable fhiids diat include 
phaiznaceuticalty and physiologically accqptable fluids such as water, i^ysiological sahne, balanced salt 
solutions, aqueous dextrose, glycerol or die like as a vehicle; :For solid compositians (eg:, powder, pill, 

IS tablet^ oir capsule fbnns), coiiventional noDrtoxic solid caniers can include' for ««iin»i«j pharmaceutical 
grades of mannitol» bctose^ starch, or magncsiimi stearate. Ih addition to biologically-neulral carriers, 
pharmaceutical compositions to be administered can contain minor amounts of nontoxic auxiliary 
substances, such as wetting or emulsifying agents^ preservatives, and pH buffering agents and fbc like^ for 
exaiiq>le sodium acetate or sorbilan monolaurate. 

20 Purified: The term "purified** does iiot require absolute purity; radier, it is intended as a r^ 

tenn. Thus» for exanaple, a substantially purified protein preparation is one in 'vi^iich die protein referred 
to is more pure than die protein in its natural environment within a cell or widnn a production reaction 
dianaber (as appropri ate). Substantially purified pqpuktions of cells refers to popu^^ 
at least 80%, 90%, 95%, 96%, 97%, 98% <Mr 99% pure, one embodiment, a substantially purified 

25 population of Th2 cells is con9)osed of about 95% Th2 cells, that is the population of cells includes less 
dian about 5% of other T lymphocytes such as Thl cells. The purity of a Th2 p<pulation can be 
measured based on cell sur&ce characteristics (e.g. as measured by fluorescence activated cell sorting) or 
by cytokine secretion profile, as coiiq>ared to a control 

Hius, in one example, a substantially purified peculation of CD4* T cells demonstrates a 95% 

30 reduction in IL-2 secretion relative to a control Till popuhtionfiom the saine do hianother 
embodiment, apopulation of substantially purified Tli2 cells is about 99% Th2 ceQs, that is the 
population ofcelk includes less dian about 1% of other Tlyinphocytes such as Thl ce^ In one q>ecific, 
non-limiting exai]q>le, a substantially purified population of CD4'*' T cells demonstrates a 99% reduction 
in 11^2 secretion relative to a control CD4*Th 1 population fix>m the same donor. 
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Qne ^lecific, ncmrliimtipg exa^^ 
population of cells tiiat produces less tfian 200 pgAnl of IL-2 per 1 X 1 0^ CD4^ Tb2 lynphocytes^ for 
example less tlian 1 00 pg/ml of IL-2 per 1 X 1 0^ CD4^ Tli2 fynxphocytes, for example less tiian 1 0 pgAol 
of IL>2per 1 X 10^ CD4^ Th2 lynq>hocytBs. 
5 In findier einbodiiiients» a substantiaDy purified population of 11i2 ceOs is a CD4* population of 

cdls tbat produces at least 200 pgM of IL^ per 1 X 10^ CI>4^ Thl lymphocytes, for exanipk at least 
500 pgM of per 1 X 10^ CIM*' TU lynq^bocy^ 
10^ CD4^ TU lymphocytes. 

StemCell: A phir^tentceU that gives rise to progeiiy in aU defined hematolymphoidl^ 
10 In addidon, limiting numbers of cells are c£q)able of fully rec^ 

subject in all blood cell types and dieir progemfeors^ including the phmpotent hematopoietic stem cell by 
cell renewal 

Subject Any subject fliat has a vascular system and has hematopoietic ceDs in Ae wild-type 
0Eganiflm. l1iemediDds disclosed heiein have equal 
15 llierefiir^the-gBDcrallenn ^subject being tieatecT 

tapes, dogs, cats, mice^ rats, rabbits^ horses, pig3^ and cows) that xequiie an increase in the desired 
biological effect 

Substantially Free: Belowlhelinnt of detection for a given assay. Thus, in one q)ecific non- 
limiting exanq>le, a cell cuhnre is substantially free of IL-2 if it cannot be detected by a standard assay fiir 

20 analyzing lLr2 expression (e.g. below 10 pgAnl IL-2). Inoneexan]qple,dieassayisabioassay oran 

ELISA assay fisr a specific cytokine^ wherein qspropriatB controls axe utilized to document the absence of 
expiession of tiie cytokine. 

Supernatant: Ihe culture medium in ^^nch a cell is grown. Hie culture medium includes 
material fiom the cell, including secreted growth Actors. 

25 Therapeutically Effective Amount: An amount sufficient to achieve a desired biological 

effect, for exan^le an amount that is effective to decrease ih& effects and/or severity of GVHD, for 
example after allogeneic bone manow transplantation or solid organ transplantation. In one exanq>le, it is 
an amount sufBdent to increase a graft-ve:rsus-leukenna(GVL) or graft-versus-tu^ In 
yet another example, it is an amount sufficient to decrease tiie synqytoms or effects of a tumor, such as a 

30 carchx>ma or a hematologic or lynophoid malignancy. In yet another exanq)le» it is an amount sufficient 
to decrease tbesynqitoms or effects of an autoinmnmediscnder. In particular exan^les^ it is an ainount 
of Th2 cells effective to decrease tiie effects of GVHD, such as in a subject to whom it is administered, 
such as a subj ect having one or more tumois . In other exanqiles, it is an amount of Th2 cells effective to 
decrease the effects of an autoimmune disorder. 
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iQcme embodin^ol, die then^peiitically effective amount also incfaides a qoanti^ of purified lU 
cells sufEdent to adiieve a desired effect in a subject being For instance^diese can be an amount 

necessaiy to inaprove signs and/or symptoms a disease such as GVHD» and antoiinnninft disorder and/or 
cancer. 

5 An effective amount of purified TtCt cdUs can be admuustBicd in a single dose^ or in several 

doses, for eocample daily* durii^ a course of treatment However, die efifective amount of purified 11s2 
cells win be dspendcsA on tiie subject being treated, tfie severity and type of the condition being treated, 
and die manuer of administration. For exanqxle^ a dier^penticaUy effective amount ofpurifiedTfa2 cells 
can vary from about 5 X 10^ celk per kg body wdght to alxmt 1^ X 10^ oeDs per kg bc^ 
10 example about 25 X 10^ cells per kg body weight 

Therapeutically effectiye dose: In one exan^le, a dose of purified Tli2 cells sufficient to 
deoease CrVHD in a sul]ject to whom h is adnunistered, resulting 

condition, or "vrfndi is csq;»ble of rdievii^ signs or syn^ Inaparticnlar 
exanyle, it is a dose of purified Th2 ceJa snflBcifinttD deoease aGVHDieapomse in a subject after an 
15 aOpgeHeic bonetnanow transplant or a solid ongan transplant. In yet anodier embodinKnl; it is a dose of 
' purified I1i2odls sufficient to iiiQxrove a grafii-versus-leulDBm^ Inanodier 
example, it is an amount sufficient to decrease die s y m ptom s or effects of a tumor, such as a cardnoma or 
a hematologic or lyn^boid malignancy. 

In anodier example, it is a dose of purified Tli2 cells sufficient to decrease the effects of an 
20 autoimmune disorder in a subject to whom it is administered, resulting in a regression of a pathological 
condition, or ^ch is capable of relieving signs or symptoms caused by the conditioiL 

TCdl: A white blood cell critical to the immune respcnse. Tcelb include, but are not hnnted 
to, CD4*T cells and CDS^T cells. ACZ>4^Tlyiiq>hocytBisanhnnBniecdldiatcaniesani^^ 
surface known as **chister of differentiation 4" (CD4). These cells, also known as helper T cells, he^ 
25 orchestrate the i]3nnune response, including antibody responses as weU as kffl CDS'*^T 
cells carry the "cluster of differentiation 8" (CDS) marker. In one end>odin]ent, a CD8*T cell is a 
cytotoxic T lymphocyte. In another enibodiment, a CD8^ cell is a siq^nessor T celL 

T ceD stinmlation: A state in which a TceU response has been initiated or activated by a 
primary signal, such as through the TCR/CD3 complex, but not necessarily due to interaction widi a 
30 protein antigen. TcenstnnnktioninchidesstinmlationofaTceUwidi a primary signal (e.g.ari^^ 
and a co-stinmlatory molecule (e.g.anti-CD28). AT cell is activated ifit has received a primary 
signaling event that initiates an mrniunft response by the TcelL 

T cell stimulation can be accomplished by stimulating the T cell TCR/CD3 coniplex or via 
stimulation of the CD2 sur&ce protein. An anti-CD3 monoclonal antibody can be used to activate a 
35 population of T cells via the TCR/CD3 con^ilex. A number of anti-human CD3 monoclonal antibodies 
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axe coomiBCcialfy available. ¥cftexBniphyOJCT3 prepared iammhy^^ 

American Type Culture Collection and nxmoclonal antibody G 1 9-4 can be used to activate T cells. 
Similaily* binding of an anti-<n>2 antibody will activate T cells. 

Thl and Th2 Ceils: Type-1 he]^ cells (Thl), but not type-2 he^ celk (Thl), are C^ 
5 cells tibat secrete Thl cytokines. Specific, non-limiting exainples of Hil cytokines are Rr-l, inter fe ron 
gainma (IFN-7X and tumor necrosis fector beta CI^-^^ 
cytddnes. Spedfbc,iKm-]iniiting exainples of IliZcytoldnes ate 

The difierent patterns of cytokme secretion have been postulated correspond witii different 
fonctions as iTnnnme effectors. Thl cells are known to promote ceH-mediated effector rcqKmses, vidule 

10 Tb2 cells are he^)er cells that influence B-cell develc^mcnt and augment humoral responses such as the 
secretion ofantibodies^predonmiaixtly of IgE, by B-cells. Both types ofTh cells influence each other by 
the cytokines they secrete. For example, IFN-^ can inhibit the proliferation of niurineTh2ce^ 
^ofThlhel^T-lynqkhocyte clones. hic<mtiast,E>-10fiomTfa2cdbcaniiihilntftepro]ifenrt^ 
Thl ceDs^ Muh^le marine models, inRhidiiig. ih Agctioos disease, cancri,' l«nBq|VLinliilion, and antoiinnnme 

IS models have deinmistiated flat audi a Thl/rh2 immune badance couliibules significanfly to tte natural 
faistDry of these various conditions. 

Tumor: Anec^lasm. Inchides solid and hematological (or liquid) tmnors. 
Examples of hematological tumors include, but are not limited to: leukemias, indnding acute 
leukemias (such as acute lyii9)liocytic leukemia, acute myelocytic leukemia, acute myelogenous leukemia 

20 and myeloblastic, promyelocytic, myelomonocytic, monocytic and erydnoleukemiaX chronic leukemias 
(such as dnooic myelocytic (granulocytic) iCTkemia^ chronic myelogenous leukemia, and chronic 
lymphocytic leukemia), polycydiemia vera, lynq>hnnaa, Hod^ikin's disease, nan-Ho^jkinfe fynapSneaaaa^ 
(including low-, intermediate-, and high-gKadeX mnltiple myeloma, Waldenstrdnf s macrogJobulinBinia, 
heavy chain disease, myelodysplastic syndrome, mantle cell lymphoma and myelodysplasia. 

25 Examples of solid tumors, such as sarcomas and carcinomas, include, but are not limited to: 

fibrosarcoma, rnyxosarcoma, lq>osarcoma, chondrosarcoma, osteogenic sarcoma, and odier sarcomas, 
synovioma, mesodielioma, Ewing's tumor, leioinyosarcoma, rhabdomyosarcoma, colon carcinoma, 
lynophoid malignancy, pancreatic cancer, breast cancer, lung cancers, ovarian cancer, prostate cancer, 
hepatocellular carcinoma, squamous ceU caroinoma, basal cell carcinoma, adenocarcinoma, sweat gland 

30 carcinoma, sebaceous gland carcinoma, pqnllaiy carcinoma, papillary adenocarcinomas, medullary 
carcinoma, bronchogenic cardnoma, renal cell carcinoma, hqiatoma, bile duct cardnoma, 
choriocarcinoma, Wilms' tumor, cervical cancer, testicular tumor, bladder c a rcin oma , and CNS tumors 
(such as a glioma, astrocytoma, mednlioblastoma, craniopliaryogioma, epen^moma, pinealoma, 
hemangioblastoma, acoustic neuroma, oligodendroghoma, menangioma, melanoma, neuroblastoma and 

35 retinoblastoma). 
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Transplantafion: TlietrB]isfoofatissue»ce]ls»oranoiga2i»orapoitionfter^ 
body cxr part of^ body to anotiicr body CRT part of Ibe body. An "aHogeneic tran^lantatum" oor a 
"heterologous transplantation*' is transplantation from one individual to aooiha, wherein the individuals 
han^ genes at one or more loddiat are not identical in seqoence in the two i^ Anallogeneic 
5 transplantation can occur between two individuals of the sainespedes^ 

iudrviduals of two different ^>6cies. An"aKitologOQStnmqplanlalion"isatranq»lanta^ 
or a portion tiicreof from one location to anodier in Ibe same individnal, 

portion diereof from one indrvidoal to anotiber, ^^lereintfae two individuals are genetically identical 

10 Method for Furifytag and £3qpandingClM^Tli2CeIls 

A medKxl of produdb^ a population of substantially purified CD4^ Th2 lynq^bocytes is provided 
herein. The melhod includes isolating or obtaining CD4* cells from a subject In one exanq>le fbe subject 
is an HLA-matched donor. In anodier example, die subject has at least one tumor, such as a solid or 
henatological tumor. M one enibodimBnt; te'iDBdK^ 

15 subset of GIM^ceQs. 

In one embodunBnl;CIM^T cells are isolated via cell scntfaig. One specific, non-liniiting 
exan^le of a method of isolating CD4^ cells is die use of negative magnetic imnounoadherence. This 
method uses a cocktail of monoclonal antibodies directed to ceU sur&ce mariceis present on the cells 
negatively selected. For exan^le, to isolate cells, a monoclonal antibody cocktail may include antibodies 

20 to CD14 (e.g. monoclonal antibody 63D3» or 203), CX>20 (eg. monoclonal antibody IF5 or Lea-16X 
GDI lb (monoclonal antibody OKKfl or 60.1), CD16 (monodooal antibod|y FC-2.2 or 3G8), HLA-DR 
(eg. nxmodooal antibody 20.6 or HBlOa) and CDS (e.g. monoclonal antibody OKT8, 51.1, or GlO^l.l). 
This process of negative selection results in an essentially homogenous poptulation of CD4^ cells (see 
U.S. Patent No. 5,858,358). However, this mediod is exemplary, other methods known to tibose of skill in 

25 die art can also be utilized 

In another embodiiDent, purified populations of CD4'^0^ T cells are isolated via ceU sortii^. 
One specific, non-limiting exanq>le of a method of isolating CIM^O^ T cells is tiie use of positive 
selection. Using antibodies directed to die RO antigen on CIM celb to made tiieRO subset of 
tbe CD4'*R0^ T cells can be purified by flow sorting. 

30 The purified CI>4^ T cells are stimulated by contacting Ihe cells with an Immobilized anti-CD3 

antibo^ and an innnobilized antibody that spedficaUy binds to a TceUcostini^ Inone 
exaxq>le, the antibodies are immobilized. In a particular example, die antibodies are immobilized on a 
bead, a magnetic solid phase sur&ce, or adhered to a tissue culture flask. T cell costimulatory molecules 
include, but are not limited to, CD28, inducible costimulatoiy molecule (ICOS), 4- IBB receptor 

35 (CDwl37), lymphocyte function-associated antigen-1 (LFA-1), CD30, or CD154. Mediods of 
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stinmlaticm of T celb widi immobi]^^ 

(see VS. Patent No. 3,858^50 and PCX WO 94/29436, herein inanporatBd by reference in tiieir 
entirety). TheCI>4'*'Tcel]scanbestiixiiiktedonce. In another exaiiq)le,1be population of TceQs is le- 
stimubted ^th ths immobilized anti-CD3 and an tnmiobilized antibody tibat specifically binds to a T cell 
5 COStimillatory molecule. Rft- griimilatin n nf Ae T-cella can occmt witfam about eight tn ahoirt twelve days 

of initial Stimulation of tiie T cells. 

Stimnlatian of the CIM'*' T cells is peffnmed in the ]»esence o^^ 
and the cells are allowed to proliferate in a Th2 siq^itive environm^ In one embodiment, the Th2 
siqypartive enviraomeiit conqxrises at least 100 UJhsA of IL-4, far example at least 200 lUhrl IL-4» for 

1 0 example at least 500 lUAnl for exani^ile at least 750 lU/nd for example at least 1 000 JU/al Kr 
4. In another embodiiiiBnl, tfie Th2 si:q)portive environment further comprises no more ttian about 20 
lU/ml of IL-2, for example ix> more tiian about 1 0 lU of 11^2, for example no more &an about 5 KJ of 11^ 
2, jfor example no more than about 1 lU/ml of IL-2, or no 11^2. In anntfier embodiment, the Tb2 
siqyportive environment further comprises between 1 and 20 lU/nd of n>2, for example at least MU/ml 

15 ofIL^2butnomimtha]i20ro^ Inanottier 
exainple. the lh2 supportive enviroimiBnt fnrdier comprises ra 
example at least 0.004 |iM» for exanq>le at least 0.02 \iM^ for exan^le at least 0. 1 pM. 

In oiieembodinaent, die substantially purified CIM'*'Th21yrx^>h^ In 
another embodiment, the substantially purified CD4'*' Th2 lyn:q>hocytes are substantially finee of secretion 

20 of a Thl cytokine. For exair9>le» iSbc Th2 lymphocytes do not secrete measurable amounts of IL-2 but do 
secrete measurable amounts of IL4. Li a particular enoibodiinentyfheThZcelb secrete IL-4, 11^5 aii^^ 
IL-10. but not a detectable aiiioorit of IL-2. In a particular enibodiinent,^ purified €1)4^1112 cells 
produce less than 10 pgteilofII^2 per IX 10^ CIM^Th2 lymphocytes^ In yet another enibodiment, the 
Tb2 ]ynq>liocytBS produce at least 1000 pg^ol of IL-4 per 1 X 10^ CD4^ 112 lymphocytes, such as at least 

25 2000 pg^ IL-4, for exaiiq>le at least 5000 pg/ml ILr4. The secretion of cytokines can be measured 

using standard bioassays, such as an BUS A. The purity of die pqpuktion of €04**^ Th2 lynq^hocytes can 
be assessed by conqparing the secretion profile with a control, such as a substantially purified population 
of purified CD4* Thl cells. 

In one embodirxient, the population of substantially purified cells produced has 1^ Thl 

30 lymphocytes, for exanqple less ttanl% Thl lynq[>hocytes. The i»oportion of Ilil lymphocytes in fiie 
popiihtion can be measured by any ineaiiskiiown to one of skill in tfie ait For example, fluorescence 
activated cell sorting can be utilized Alternatively the siqiematant content is tested for secretion of 
cytokines. In one embodiment, an assay, such as a bioassay, and ELISA, en a radioirxmmno assay, is 
performed to test ttie cytokine secretion profile of the cells. 
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The mediods disclosed herein can further comprise ayo-preserving the pmified CD4* Th2 

lyinphDcytB&. 

Also con^xrdiended by this disclosure are CD4^ 1112 ceOs produced by the mB&od disclosed 

herein. 

Methods for Treatnmt by Tnmqpiantiiig Purified/Ebqianded Till Cdb 
DoiKir T cells omtaiiied in a blood or manow aUogndt inediate botii 
immune effects post-tran^lanL Aldiough T odk mediatB a potentialfy cmative graft-veisus-l^^ 
(GVL) effect and prevent marrow graft rejection, they can also generate graft-versns4iost disease 
(GVHD). The relative balance of these immune effects is a piimary deteiminant of clinical outcome after 
allogeneic transplantation. Clinical studies using T cell-dq)letBd (TCD) marrow allografts cleady 
demonstrated ^ importance ofT cell-mediated inimnne reaction after allogeneic bone marrow 
transplantation (alloBMT): rec^ents of TCD aUografts had greatly reduced levels of GVHD, but had 
nmdihiglieriatesofbotiligiailicjectioiiandkid^^ IhatspUmt 
3i265^79;1988)/ Because TCD^dBMTs^ 

and giaft ref ectiooy this iqppioadi did not represent a sig;DificaDt treatment advance relative to 
conventional T ceD-replete aUoBMT. 

These observations have prompted investigation into the development of donor T cell 
administration methodologies which preserve an anti-leokemic effect and prevent graft rejection while 
limiting GVHD. Such methods include the administration of only CD4^ donor T cells (Champlin et aL^ 
TrattspUmt Proc. 23:1695-6, 1991), or &e delayed administratioii of donor T cells ])08t-tranq;)]ant (Kolb 
etal,. Blood, 76:2462-5^ 1990). Bodi of these approaches have niet wifli lirmfted success, as leo^^ 
rel^se and significant levels of GVHD remain significant problems. 

Disclosed herem is an aheniative qjpniach; donor T cells of defined 
used to differentially mediate allogeneic transplantation responses. A type I wrmmthft re^>onse, mediated 
by CD4^ Thl and CD8\ Tel cells, is characterized by the secretion of the pro-inflammatory cytokines 
IL-2 and IFN-7 (Mosmann et aJ.^ J. Immunol 136.2348-57, 1986). In contrast, a type n nnmune 
response, mediated by CD4'^, Th2 and CD8^ Tc2 cells, is characterized by die secretion of die anti- 
inflammatoiy cytokines IL-4,IL-5, and IL-10. Without being bound by theory, it was postulated tiiat as 
acute GVEDD is typical of a type I umnune response (characterized by an imtt^ 
and followed by IFN-Y secretion and cytolytic fimction) (Ferrara et al.^ K Engl. J. Med. 324:667-74, 
1991) donor T cells of type n cytokine phenotype would regulate GVHD. 

Thus, die administration of donor T ceUs of Th2 phenotype represents a novel strategy for Ibc 
regulation ofGVHD after allogeneic bone marrow transplantation. This treatment strategy is also of use 
in the treatment ofsolid tumors, such as carcinomas. The treatment strategy is further of use in the 
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myelogenous leukemia, dnomc lyn^faocytic leukemia, cfaromcnxyelogenoos leukemia, acute 
myelogenous leukemia, dnonic ]ynq>hocytic leukemia, chronic myelogenous leukemia, iivV>1fnt non- 
Hod^kin's lymphoma, hig^h-grade non-Hodgkin's lyn^homa, Hod^dn's lyiiq>homa, multq>le myeloma, 
5 or myelody^lastic syndrome. Specific, nonrlimitingexaiiq>les of soHdtmiiorsdiat can be tre^^ 

mediod disclosed hetein indnde, but aie not Hnited to, breast cancer, colon cancer, ovarian cancer, lenal 
cell carcinoma, hmg cancer, or melanoTiBi. 

Thus, a mefliod of transplanting allogeneic donor itmnimR cells to reconstrtute inomunity in a 
rccq>ient with a hematologic or lynyhoid malignancy or wifli a solid tumor is provided herein. Hie 

10 melfaod inch^es dq>leting a recipient's T cells that mediate graft rejection. A tfaoapeutically effective 
amoimt of a population of donor allogeneic cells comprising CD4''' and CDS'** T cells is administered to 
die recqnent; as well as a therq)eutically effective amount of a population of donor CD4^ Th2 cells. The 
method results in transplanting allogeneic mtrnnw* ceDs into the re cipient and reconstituting immunity in 
the lecqxienL IhoneeMmple,' tbeniPi^fvl<pmindedli«B»n rB^^ ram 

15 from a tran^knt, sudi as GVHD. 

Tlie recipient's immune system, such as T cells, .can be non-selectively or selectively depleted, 
or ablated, by any mediod known in the art, for exanq>le, selective dq>letion or ablation of T cells or a 
specific subset of T cells. In one embodiment, the recipient's T cells are depleted 0€ ablated by the 
administration of an induction chcmotberq>y regjmen which nyhiHeg a therapeutically effective amount 

20 of etoposide, doxorubicin, vincristine, cyclophosphamide, and prednisone (EPOCH). In anoriwqr example^ 
fhidarabine can also be administered to improve the depletion of T cells. Allogeneic peiq>heral blood 
stem ceU tberqiy (PBS(n) studies have demonstrated tbat fhidais^^ 

marrow rejection in non-myeloablative transplant approadies (Giralt et aL, Bhod 89:4531-6, 1997; 
Slavin et al^ Blood 91:756-63, 1 998). In the non-transplant setting, fhidarafaine administration can result 

25 in imrnunosuppression througji its depletion of both CIM'^ and CD%* T cells (Cheson, /. ObuOncol 

13:2431-48, 1995); severe immune deficits are particularly observed when fhidarabine is administered in 
combination widi steroids (O'Brien et a!.. Blood 82:1695-1700, 1993), alkylating agents (Zajhetal-y Eur. 
J, Haematol 59:327-8, 1997), or topoisomcrase n inhibitors (McConkey et al.^ J, Immunol 156:2624-30, 
1996). Patients receiving fludarabine^contaimng combination cbemotherq>y are suscq)tible to 

30 devek^ing transfusion-assodated GVHD (Williamson et a/.. Lancet 348:472-3, 1996). This observation 
illustrates the potential of lEhidaiabine-based regimens fig pr e ve nting the rejection of even HLA-disparate 
lymphoid cells. In the setting of T cell-rq)lete HLA-matched PBSCT, fiudarabine-based preparative 
regimens result in donor engraflment widiout myeloablation. However, allogeneic transplantation using 
such non-myeloablative regimens were still limited by a high incidence and severity of acute GVHD 
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(Slavinef oil, 91:756-63, l99S;Khametai.,J. Oul OncoL 16:2817-24, \99%\&tAeid^ Blood 
89:4531-6.1997). 

Following deletion or ablatioii of tiie immune system, sudi as the redpient^s T cells, a 
Hiei^ieatically effective amount of a ixjpuktion of donor allogeneic cells including QM^ and CD8^ T 
5 cells aze administered to tlte rec^)ient In one exanople, die donor is anHLA-matched donor. Hie donor 
allogeneic lyn^xhocytes are collected by any method known to one of skill in the art In one eooibodimenl; 
tiielyn^>hocytes are collected by q>heresis. In one specific nonrlinritii^ example, die lyigphocyte 
fraction is collected by elnlriation of telynq>bocylesaiKidepleti Li anotikx exanDq;>le, 

die lynq>hocytB fiaction is collected by ehrtziation and enricbed for CD34^ cells. 

10 53 nhgtantia11y pnrified donor Th2 cells are prepared by the methods disclosed herein. A 

diersqieutically effective amount of donor allogeneic cells including CD4^ and CD8^ T cells, and a 
ther^>eutica% effective amount of a population of donor GEM'*' Th2 ceDs, are a^ 
recq}ient» Specific,xion-lixniting63camplesof a thenqieutically effective amount 
(3D4^ Th2 lynqibocytes indnde substantially purified CD4^ 

IS about 5 X 10^ cells per kilogram to about 125 X 10^ cells per kilogram, for example about 5 X 10^ ceDs 
per kibgiam to about 25 X 10^ celb per ktlogran^ for exanq[>le about 25 X 10^ 
example about 125 X 10^ cdHs per kilogiam. ' 

The substantially purified donor C3M'*'Th2 cells are a dminis t er ed at die same time, direcdy 
following, or at a time remote fiom die administration of the donor allogeneic cells inctuding CDA^ and 

20 CDS'*' T cells. In ^nr- gp^fir. Tirm. 1tTm'ting gYamplft^ giibstantially pirified Th2 cells are adnnmstered 
within one day oftbe donor aUogeneic cells including CX>4^ and CI>8^T cells. la another specific, non- 
Kmittng exanqilc, tbe allogeneic cells jtw^iinimg CD4^ cells and CD8^ cells are admnustered as peiq^ieral 
blood stem cell therapy (PBSCT). 

The substantially purified populations of 004*^ Th2 lymphocytes disclosed herein can be 

25 administered wxdi a phannaceuticaUy acceptable carrier, such as saline. In one enibodiment, 

cosipositions containing substantially purified populations of CD4'*' Th2 lynqihocytes can also contain 
one or more therapeutic agents, such as an anti-tumor agent, or noohcultured CD4* and CD 8* T cells. 
Otiber therapeutic agents that can be used to practice the methods disclosed herein include, but are not 
limited to inmnme-depleting agents, such as a chemotherapeutic agent or a monoclonal antibody therapy. 

30 Such agents can be administeied before, during or after administration of die 1^ 

desiredeffect In one embodiment, a populatian of substantially purified C3>4* Th2 lynyhocytes from 
the subject is generated prior to administration of immune-depleting agents, and die Th2 cells 
administered subsequent to the admunstration of immune-depleting a g ent s . 
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In one exaiiq>le» Ibe dose of aUogenoc CM^ aiid 
firixmab(nit40xlO^TceIbperlEgtoal)0(iit400xlO^TceE^ Inanoidierexaiiiplei^fliedoseof 
aUogeneic CD4^ and CD 8^ T cells is included in a perqdierBl blood stem cell transplant product 

In anodier eoibodinient, a method of treating a suliject having an autoimmune disorder is 

S provided. Rpftrifin^ TunwIimifTTig CTamplftR nf flirtnhninwie A'jmrderg mchiHe fhftiimatnid artfmt^ rmhn'g 

disease* systemic hqius ery&emetous, multiple sclerosis, and diabetes. The method for treating die 
autoimmune disorder fpchidgs utilizing immunosiqypressive chemolliBrqiy to deplete or ablate die T cells 
and B cells of the subject; as described above. A dieizq)eutical^ effective amount of autologous 
peripheral blood cells inchidins CD4* and CDS* T cells is adnmristered to the subject, in addition to a 

10 Iherapeuticalty effective amount ofaulo]ogou8CD4'*''Ili2 cells. IlieadaiinistratioiioftfaeautologDus 
perqiheral blood cells and autologous CD4* Tfa2 cells results in tibie reconstitntion of immunity in die 
subject, d)erd>y treating die autoimmune disorder. 

The method for tteating the autoimmune disorder may involve the allogeneic tranq)lant 
^roach, as outlined above, or an autologous tranq>l ant approach. In die allogeneic mediod, die transfer 

IS of donor stem cells, dcmoir CD4* and CDS* T ceDs^ and donor Thl cells may allow fai fall donor 
epgmflmentwidiieduoedGVHD. In diis setting, replacenratoftheiinminie system of die su^^ 
donor-type immunity alleviates one or more synptoms of the autoiiuumne disease. 

In the autologous mediod to utilizing 1112 ceUs to treat autoimmunity, the subject's own immune 
system is reconstituted under die guidance of Th2 cells. Tins may reduce the severity of die autoimnnme 

20 disease by changing the immune system of the patient from a Thl-type pro-inflammatory immunity to a 
Th2-4ype immunity with reduced tnflnTumat ^Ty pn fgmtial , Tn this mediod, the autoimmune disease patient 
is treated wittiimmune-dqyletingdiemodierqysndi as the fhidan^ 

herein. Hie dier^y depletes or a b la t es the iiiinmne B and T ceDs that contribute to the autoimmunfe 
disease padiogenesis. After immune dqiletioii, a diecapeuticaUy effective anaount of antolo^^ 

25 peripheral blood celkincludii^CD4^ and CDS^Tcelb is administered to the Inaddition,a 

ther^>eutica]ly effective amount of autologous CD4* Th2 cells are administered. The administration of 
the autologous peripheral blood immune ceUs and autologous CD4* Th2 cells results in die reconstitution 
of immunity in the subject with an alteration of the immimft cytokine phenotype towards a Th2-type 
profile, thereby treating the autoimmune disorder. In this autologous transplantation method of treating 

30 autoinmmne disease, the dose ofCD4^ and CDS^T cells, and die dose ofCIM^Th2 cells is su^^ 
detailed above for allogeneic transplantation. 

In addition to using lli2 cells to treat cancer and autoimmuiie diseases, 
ftcilitate solid ofgantranqilantatioiL Indusembodinnail;diexecipiaithasadiseaseofend-0!rga^ 
such as hmg failure, renal failure, pancreatic islet cell &ihire with resultant diabetes mellitus, heart 

35 Mlure,orliver&ilurB. In diis method, the treatment iiicludes depletion or ablation ofdieT and B cells of 
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the tedpient witib chemottien^y gnfth as the fliidaiabine and EPOCH xegunen, followed by die 
admmistnition of a flierapeulicafly effective amount of allogeneic donor CD4^ and CD8^ T cells, and a 
diGriq)eiiticaDy effective amount of donor CD4^Tli2ce]^^ Once donor im u nmi t y has been established in 
die rec^ient, the (kmor soHd organ tissue can be administered to die lec^ient without the occurrence of 
S solid organ allograft rejection. Thus, the donor soUd organ tissue is HLA-matched to die allogeneic 
donor CD4^ and CD8^ T cells and die allogeneic donor CD4^ Th2 cells. 

Disclosure of certain qiedfic examples is not meant to exclude odier embodrinents. Inaddition, 
any treatments described in die spedfbation are not necessarily exchia 
10 combined with other bioactive agents or treatment modalities. 



EXAMPLE 1 
Ex Viv0 Generation of I>onor CD4^ Th2 Ceils 

IS Ljmiphdq^HarpiBBiiMTCeOIMatw 

A dcmor, such as anHLA-matcheddonor» underwent a 2 to 5 liter apheresispiocedQre using a 
CS-3000 or an equivalent machine to collect ]ynq>hDcytes. The apheresis product was subjected to 
counterflowcentrifugslehilriation by die staridard operating procedure of the NIHI^^ The 
lynqihocyte fraction of die ehitriation product (120 to 140 fiaction) was dq>leted of B cells by incubation 

20 with an anti-B cell antibody (anli"CD20; Nexell Ther^)eutics) and an anti-CD8 antibody (Nexell) and 

sheep anti-mouse magnetic beads (Dynal; obtained thnroghNexell) by a standard operatii^ procedure of 
die NIH DIM using the MaxC^ Device ^exdl). Cells isolated by tins type ofprocedure have been 
infiisedwidiout any ttxxicity that can be attributed to die selection proced^ Flow cytometry was 
perfo!nnedtodocmnentdiatCD8'*'Tcencontariiiiiationwas<l%. The resultant CD4-eniiched donor 

25 lymphocyte product was cryopreserved using an NIH DTM protocol in aliquots of 50 to 200 x 1 0^ 
cells/viaL Sterihtyofthe population was not tested at this early stage of the Th2ceUgei^^ 
procedure; such testing occurred after the final co-culture of donor CD4 cells with recq>ient antigen 
presenting cells (APC). 

ACK lysis buffer (BioWhitaker) was used to imtiaHy remove red blood cells fiom the cell 

30 product Hanks Balanced Salt Solution was used in the ceHprocessiiig as a wash buffer. Allofthese 
media are aixnllary reagents in the Th2 geiieration pnx;ess» as they are washed ou^ 
cryopreservatiooL 
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Ex vho Generation of €n>4-^ Th2 cells 

Qryc^iiresenred donor CIM**^ T cells were le^^ 
Media ooniained of X*Vivo 20 (BioWhitalKr) supplementBd with 5% heat-inactivatBd autologous plasma 
5 Qiefeiarefenedtoas^medja'T. T1iedonQrCIM'*'Tcelb wecuhuiedmf3teredf^^ 
COifanzmdiffediiiciibatDEs. At Ihe time of cnhnre initialioga, T cd^ 

CD28 coated magnetic beads (3 to 1 ratio ofbeads to T cells). Tos^ated magnetic beads (DynaQaie 
conjugated with an antibody to human CDS (clone OKT3) and an antibody to human CD28 (clone 93). 
In 50 infusions of T cells grown with anti-CD3/anti-CD28 coated beads, there have been no adveise 
10 except die development of an asyoqptomatic HAMA serologic response in one patient 

At the time of co-cuhnre initiation and on day two of culture, the following xeagents were added: 

l ^ ^ ^l nSii ns mUmmim (nliitattwtdlhmngh cmsfr-fiKng m CTTEP lNt> of Shering IL^; 1000 1.U. pet lliU 

taig^ spediGc activity is 2.67 x 1 0^ LU. per mg.)» and recombinant human IL-2 (Qunm Ib e iapeutics; 20 
LU.peF mI),arILr4 .witii0ut IL-2. may be obtained by con^leting a QimcalDrog Request (NIH 

IS v. Fomi#98d)aiii muling it to tiie Drag Managp^^ 
RodbriDe Pike, EPN 707, Bethesda, MD, 20892-7422. 

After day 2, cells were maintained at a concentration of 0.25 to 1.0 x 10^ cells per ml by the 
?^14^Qfi of fiesh X-^vo 20 media siqTplemented widi autologous plasma (5%), IL-2 (20 LUyml), and IL^ 
4 (1000 LU.AnI). TliexnedianceUvohmiewasdetenmnedusingaMuhisizerninstrament(Ck> 

20 WhenfheTcdlvohmK approached SOOfl(acceptBbleiai]ge of 650 toBSOXtiieTcelb were reshiinilflted 
wi1hanti-CD3/anti^CD28 beads. Topically, tins time of restinmlation was after 8 to 12 days of culture. 
BeadiestimnhitionwasatabeadtoTcelliBtioof3:l. T cell concentration was 0.2 x 10^ ceHsAnL 
Media again contained X- Vivo 20 supplemented with autologous plasma (5%), n^2 (20 LU./niI), and IL- 
4 (1000 LU Jml), or media wifli IL-4 but wiAout IL-2. 

25 AitCT bead re-stimulation, CD4 cells were maintained at a concentration of 025 to 1.0 x 10^ cells 

per ml by die addition of fresh X-Vivo 20 media supplemented with autologous plasma (5%X IL-2 (0 or 
20LU.Asl),andIL4(1000LU.Anl). When 1heCD4 cell mean cell volume approached 500 fl 
(acceptable range of 650 to 350^ Ihe cells were harvested and cryopreserved by the NIH DIM mediod in 
protocol-relevant quantities for administration. GencrallytfaetotalthneofCD4cellcuhure was 15 to20 

30 days. 

EXAMPLE2 
Demonstration of Th2 Cell Expansion 
Human CD4'*^ cells from a stem cell transplant donor were stimulated ex vivo as described in 
35 Example 1 . Briefly, human peripheral blood lymphocytes were collected by apheresis and subsequentiy 
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purified by comitEiflowceiitnibgaleliit^^ CIM^ Tcelb were emicfaed to by negative sdecdra 
iising antirCDS and aiiti-CD20 antflxi^^ Two loands of antibody 

depletion woe porfomied to ensme tiiat CD8'*' T cell content was less tiian 0.5% of die starting T cell 
population. Q>4-«nncl^ T celb were plated in tissue cxdture flasks 
5 per ml of culture media, which included of X-Vivo 20 media supplemented with 5% autologmis plasma. 
Anti-CX)3,anti-CD28 coated magnetic beads were added to die culture at a Tee In 
the Tb2 cultuie flasl^ recombinant fannianIL-2 (20 LU.AnO and reconMoant human IL-4 (1000 LUiml) 
were added; in the Thl cnhnre flask; reoonibinaiit Inmian IL^2 (1(^ 

(23 ii^g/kiilX and a neutra]i23ng amount of an antibody to n^wmad^ The growth ofthe cells was 
10 evaluated over time. As shown in HG. 1,CD3/CD28 stimulation resutted in CD4'*'cdle 
the Th2 and Thl culture conditions. 

EXAMPLE3 
Cytokine Secretion Proffle of Tb2 CeOs 
IS Cells wei»prq)aied as described in Example 2. Thl and T1i2 cultures were maintained at a 

concentration of 200,000 cells per ml by the addition of fiesh media replete witii leoonihinant cytokines. 
Cultures were monitored for cell volume by Coulter multisizer analysis. When the oeH volume 
.approached 650 fl (typically 8 to 12 days in culture), the Thl and Th2 cells were harvested and 
restiuBilated with anti-CD3, anti-CD28 coated beads (13 ratioX and further expanded in cytokine- 
20 containing media. When die ceU volume again retunied to s^yproxinmtely 650 fl (typically after an 

additional 7 days in cultureX the cells were restimulated widi CD3, CD2&-coatBd beads and a 24 hour 
supernatant was generated. Thelhl or 'ni2 supernatant was subsequently analyzed for cytokine content 
by two-site EUSA technique (BioSource). 

As HG. 2 denx>nstralBs^CI>4 cells propagated in die Thl cultnre condition produced a hig^ 
25 level ofdie^pe I cytokines 11^2 and IFN-Yiqponrq>eatCD3,CD28 5tim^ In contrast, the CD4 
ceBs propagated in die Tfa2 culture condition produced an undetectable level of IL-2 and a reduced level 
of IFN-y. This iiKhcates that the Thl culture produced a greater level of type I cytokines than the Th2 
culture. In conq>arison, die Th2 culture secreted a high level of the type n cytokine IL^, whereas the 
Thl culture did not secrete a detectable level of ILr4. Similarly, the Tli2 culture produced an increased 
30 amount ofthe type n cytokine IL-10 relative to the Thl cells. 

Therefoce> using the Thl and Ih2 culture conditions described lieiein,CI>3/CD28stinm^ 
purified human CD4'*'T cells can be utilized to generate Thl orTh2ceUs. Thl cells are diaiacterized by 
dieir secretion of^pe I cytokines^sudi as IL-2 and IFN-y and tiieir reduced level of secretion of type n 
cytokines, such as IL-4 and IL-10. Th2ce]b are dbaracterizedbytiieir secretion of die type Ilcytokmes 
35 and their reduced level ofsecretionofdie type I cytokines. 
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EXAMPLE 4 

Purification of fiie CI>4*RO^ subset of CDi** cdls Enhances Tli2 Ceil Generation 
Parified QM^ T cdb obtamed using die mediods dfisc^ 
5 CD4^RA'^T cell subset (naive sd)set)OT die C£>4^0^Tcdl subset (m^ Husextia 
porificaticm stqp was peifoaned using a positive selection 

specific for dieKA andRO and^ns on CD4 cells (PbazMiDgen, Inc.; CD45RA antibody catalog 
#555488 and C3M5RO antibody catalog #5554S^) were used. Aiter maridng die RA and RO subsets of 

rnM cgllSj each pnipnlatinn wa« aihgftqiientiy pnrifieH hy flnw gmfmg iiging a VACSinrf marhiW (Rftrtnn 

10 Dicldnsonlniniunocytometry Systems). 

Puzified CD4^RA^ and CI>4'*RO^ subsets of CD4 cells were subjected to tiie Till and Tb2 
culture conditions as detailed in die above examples. Briefly, tbe RA and RO cells were cnhmed 
separately in die Tbl stinmlating envirannient (CD3, CP28 stimulation in the presence of 1000 LU-Anl of 
lL-2, 2.5 ng/ml of IL'12, and Ibe anti-II^ monoclonal antibody), or tbe Th2 stimulating Mi wi i i Mm ien* 

IS (0)3, CD28 stimulation in Ibe inesQDce of 1000 LU^ of IL-4^ After 10 days in ' 

culture, eacb of die four cohmes were barvested and re-stinmlated widi CD3, CD28 beads (13 ratio of T 
cells to beads). A 24 boor siqieniatant was generated, and tested for cytokine coii^^ 

As diown in HG. 3, the CIM^RO* subset Gultmed in the Tb2 siqi^^ 
11ii2 purity relative to die CX)4+RA subset lliatis» relative to the Tl^cultuieconditionusii^ 

20 cells^ die CD4'*R0^ Tli2 cultnre increased secretion of die type S cytoldne IL-10 and a coinpand>le level 
ofdie type n cytokines IL-4 and IL-5. Furtbennore, relative tD die Tb2 cultms condi^ 
ceDs, tbe CD4^0'*' Tb2 culture demonstrates a reduced secretion of type n cytokine 11^2, and a 
comparable level secretion ofthe type I cytokine INF-^. Tberefore, tbe RO subset generated a purer lb2 
pbenotype (increased Tli2-type cytokine secretion and decreased Thl-type cytokine secretion). In 

25 addition, tbe Th2 cells generated from tbe CD4^0^ starting cell population bad a gready enricbed Th2 
cytoldne profile relative to the control Thl cuhnres initiated from die RA'*' or RO^ cell subsets. 

Siinilarly, tbe CIM^RA'*' subset cultured in die Tbl siqpportive environment bad big^Tbl 
purity relative to die CD44RO subset Tbat is, rebtive to die Tbl culture condition using CD4'*R0'*' cells, 
tbe GM'^RA'^ Tbl cuhnre increased secretion of tbe type I cytokine ILr2 and a coxoparable level of tbe 

30 type I cytokine IFN-or. Furdiermore, relative to die Thl culture conditicm using CIMIRO* cells, die 
CD4^RA^ Tbl culture demonstrates a reduced secretion of type n cytokines JL-S and IL-10, and a 
comparable level secretion of die type n cytokine IL-4. Tberefore, die RA subset generated a purer Tbl 
pbenotype (increased Tbl-type cytokine secretion and decreased lli2-type cytokine In 
addition, die Tlil cdls generated from tbe CI>4*RA'^ starting cell population bad a gready enricbed Tb 1 

3 5 cytokine profile relative to die ccmtrol Thl cultures initiated from die RA^ or RO*^ ceU subsets. 
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These resnltg demtmstrate feat fifnfiratiftii ^fifim T^^ gif>get «m MiiMwirftii hy fiirfliar 
purificalum oftihe CUM'^RO'*' subset of CD4 cells and Aat Ae generation of die Till subset can be 
eidianoed by finrdier inmfication of die Q)4^ 

EXAMPLES 

Effect of Inunono-supprasion Drugs on Tli2 Cdl Generation 
To detennine die effect of immnoe suppression agents on Th2 cell generation, nninne splenic 
CD4*Tcells were purified and stimulated in a Hi2 stimulating environment; in tlie presence or absence 
of rapanycin or cyclosporine A (CSA). One skiUed in die ait wiU understand tbatsunOarniBtfaods can be 
used to test odierinmmno-siqi^iressive agents. In addition, using the disdosute provided in die above 

exanyles, similar experim ents can be p e r form ed on human CD4* T cells. 

Murine splenic CD4* T cells were purified by negative selection fiom C57B1/6 mice, ai^ co- 
stimulated widi anti-CD3, anti-CD28 coated magnetic beads as described in die above exanq>les. 
Cytokine culture conditions were optuuized fox murine Th2 cell generation. The Th2 cell culture 
ccmditions inchided RPMt-1640 widi 10% fetal calf sefuni^ 1000 IXJJM of leconibinant murine IL^ 
(Pepiotedi, IRocky Hill, NJ), 20 LVML reccmdyinant ]mnianIL-2» 20 ngftxA recomhinimtlmnntfmlL-?, and 
33 |iM of N-acetyl cysteine. In some eaqterhnmtSj the celb were further inci^^ 
(iapa,0.1 or0.Q2|iNiSigma,StIx>uis,MO)orCSA(0.2or0.04pM,Sigm RapanycinandCSA 
were present fiom die initiation of tibe culture, and die cells received only the and-3/anti-28 stimulation 
on day 0 (no re-stimulation). 

As shown in FIG. 4, T1]2expansi<m in rapa is preserved. In contiast» CS A suppresses Tli2 cell 
eqiansion. These results indicate that rqanmy be prefenJ>tefi)r use as an jmrnmn^ 
relative to CSA, because it promotes Th2 instead of siqjpressing it 

The effect of CS A and rapa on cytoldne secreticm in the cells was also exani^^ 
ELISA cytokine secretion assay described above in Exan^les 3 and 4. Briefly^ murine CI>4*Tcclls 
were co-stinmilated widi anti-CD3» anti-<n>28 in the lh2 culture conditions described above> in the 
absence or presence of r^ (0.1 ^M)orCSA(0.2 ^M). Afier 6 days of culture, the CD4 cells were 
restimulated widi anti-CD3y anti-CD28 in fiesh media not containing cytokines or iTnmiiTiR si:q>pression 
molecules, and the 24 hour si:q)ematant was tested for the Thl- or Th2-type cytokines by ELISA. 

As shown in FIG. 5, 1112 cells grown with 3/2 8 in the presence of rapamycin have a gready 
enhanced Th2 profile. The rapa-Th2ceUs secrete very low levels of IL-2 and EFN-t, and stable or 
enhanced type-n cytokines IL-4,IL-5» and IL-10. hi marked contrast, Th2 cells grown in CSA have a 
reduced ofboditype-I and type*II cytokines. These results indicate that rapamycin can syneigsze with 
the 3/28 methods described herein to findier promote 1112 cell generation, and that rapamycin may be a 
more q>propriate agent to administer afier an allogeneic transplantation that involves Th2 cells, since it 
does not reduce Th2-type cytokines. 
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EXAMPLE6 

Clinical Trial to Evaluate Use of Donor Tli2 Cells for the Prevoition of GVHD in Non- 
ni^cloablatiye, HLA-matched Aflogendc Peripheral Blood Stem Cell Transplantation: 
5 Donor and Rec^ient Qualifications 

Lidumn Criteria: PadetU 

Patients with lymphoid malignancy and leukemia (including mydodyq>lasia) were candidates 
fodusstndy. The following diagnoses and ages were considered (Table 1): 

0 

Table 1: Patient Inclusion Criteria 



Disease 


Disease Status 


Age 


Cfaranic Lyniphocytic Leukemia 


a) Rel2q>se Post-fhidarabme, or 

b) NQu-con^lete remission (CR) after 
Salvage Regimen. 


18 to 75 


Hedge's and Non-Hod^dn's Lymphoma 
(an types, inchiding Monde Cell Lymphoma) 


a) Primacy Treatment Failure 

b) Re]^>se after AntoSCr, or 

c) Non-CR after Salvage Regimen 


18 to 75 


Multiple Myeloma 


a) Primary Treatment Faihne, or 

b) Re]q)se after AntoSCr, or 

c) Non<IR after Salvage Regimen 


18tD75 


Acute Myelogenous Leukemia 


(a) InCR#l,2or3 

(b) Any Rehq>se with less dian 10% bbsts 
in manow and blood. 


18to75 


Acute Myelog^us Leukemia 


(a) hi Con^lete Remission #1 or 2; or 

(b) Any Rel^>se with less tiian 10% blasts 
in manow and blood. 


55 to 75 


Acute Lymphocytic Leukemia 


(a) hiCon^leteRemission#2or#3;or 

(b) Any Relapse with less dian 10% blasts 
in manow and blood. 


18 to 75 


Myelodysplastic Syndrome 


(a) RAEB 

(b) R/^EB-T(ifblastsare<10%in 
manow and blood after induction 
chemotfaeiapy) 


18 to 75 


Chrcmic Myelogenous Leukemia 


a) Chronic Phase CML 

b) Accelerated Phase CML 


50 to 75 



Ideal]y,patient5 were at least 16 and not greater ftian 75 years old. Recq>ients ideally had a 5/6 
or 616 antigen (A, B, and DR locQ HLA-matcl»d first degree relative donor; Kaxnofsky performance 
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status of > 70% (see Table 2); life expectancy > 3 monlfas; senimbiliii]bin<2^ ing/dL» and semm ALT 
and AST vahies less Iban or eqoai to 2J times the i^sperbnih Values above tbese levels can 

be accepted, if such elevations were diought to be due to tumor involvement by die lymphoid 

maUgnancy. Tf ya^i^ dp ipo f iMmt ialm dnrittg tfv* inAicrinfn ch^mQitliftrgtpy^ fffich pjltif1»* y WPTff P ff* 

S eligibtefi}rthBtransphnlidiaseofthe]i[otocol,andw^ Redpients also ideally had 

a creatinine clearance > 60 mlAnin or serum creatinine of < 1 3 mg/d^ DLOO > 50% of predicted; left 
veotriculaT ej ection fraction of > 45% by MUG A or ECHO; ability to give infixmaed consent and durable 
power of attorney foim completed. 

10 Table 2; Karnolsky Scores 





Kamofeky Score 


Asynq)toinatic and fiilly active 


100% 


Synqytpmatic; fully amhnlatmy; restricted iii physically strenuous activity 


80-90% 


Synqytomatic ; ambulatDiy; c^nble of self-caie; > 50% of wakiqg hours are 

spent out of bed 


60-70% 


Synqitomatic; Hnuted sdf-care; spends > 50% of time in bed, bat not 
bedridden 


40-50% 


CompletBly disabled; no self-cai^ bedridden 


20-30% 



Subjecis were ezduded from die dinical tnul if they had 
anti-mimbial dierapy, had active CNS involvement by tumor, were HIV positive^ hepatitis B or C 
15 surface antigsn positive, were lactaling or pregnant females (due to risk to fetus or newbom)» or had a 
history of a psychiatric disorder ^ch could compromise compliance widi tran^lant protocol, or which 
did not allow for appiopri ate informed consent 

Indusion Criteria: Donor 

20 Donors were a first-degree relative matched with recipient at 5/6 or 6/6 of die nsyor HLA loci 

(A, B, and DR loci). Ideally, donors bad adequate venous access for perq[>hera] iq>heresis, or consent to 
use a ten^raiy central venous cadieter for apheresis. Donors should be at least 12 years of age and have 
die ability to give inforn^ consent Ideally, donors had no history of uncontrolled hypertension, stroke, 
or severe heart disease; had Hb of 1 1 gm/dl or greater, and platelet count of 1 00,000 per ^1 or greater. 
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Exduslon OHeria: Donor 

DonorB wm exchided fern tiie dimcd trial if 
could canpconiise conqpliance wifh tra]iq)]aiit protocol, or which did not allow for appiopriate infozmed 
consent; had a history of hypertension that was not controlled by medication, stroke, or severe heart 
S disease; synq>toniatic angjna, or a history of coronary artery bypass grafting or angioplasty considered 
to have severe heait disease; anemia (Hb less tiian 1 1 gm/dl) or thrombocytopenia (PLT less tium 1 00,000 
per lac^Bting or pregnant females; or were HIV, Hqpati^ 

Research Evaluation 

10 All patients and donors were screened by complete history and physical examhintion. The 

following laboratory soologic evaluations were performed on the transplant ledpient typing for HLA- 
A, -B, and -^R {dxmxx and patioit); unilateral bone marrow a^irate and biopsy; cytogenetics and flow 
cytometry performed on marrow aspirates if disease could be followed by foat nxxiality; PGR test of 
DNA mtni-satellitB r^ons fbr foture detenmnatiDn of cfaimcrism; antibody soecn for hqpatitis A, B, and 

IS QHIV,HTLV-mi,CMV,adendvnns,EBV,H^ 

test (optiona], performed in individnak coxisidered to be in a higlwi^ 
and PTT, and ABO ^ping (donor aiid patient); urine BHCG in foinales ( 
care, hqKitic, and mineral panel 

The following radiologic, miclear medicine, and special studies were also per^Hmed on tbe 

20 tran^lant recipient: chestradiogrs^hs;pufanor)aTy ftoKtion tests (vital c^>adty, FEV-1,DI^^ 

scans of chest, abdomen, and pelvis; CT or MKI of the head for all patients; cardiac tests: EKG, MUGA 
scan; skeletal survey (for Multq>lB Myeloma patients only). AH radiological studies tiHatidraitify 
measurable disease were repeated after each cycle of induction cbemolherapy. 

There was no randomization for the pilot study. Patients were sequentially enrolled to one of 

25 three T1i2 cell dose levels, as shown in FIG. 6. Afler conipletion of the phase I lh2 con[q)Qnent (Th2 cells 
administBredatS, 25, or 125x10^ cells/kg), 18 additional patients received Th2 cells at eidier dose level 
#2 (25 X 1 0^ cells/kg) or dose level #3 ( 125 x 1 0^ cells/kg) as part of the phase n Th2 conqponent The 
initial clinical results are shown below. 

The overall study design is shown in Fig. 6. 

30 

EXAMPLE? 

Generation and Administnition of Th2 Cells and Harvest and Administration of PBSC 
The Tb2 cells of the present disclosure can be used to generate a type n cytokine profile in a 
subject thereby reducing or eliminating GVHD after allogeneic bone marrow transplantation, treating 
35 tumors and/or treating an autoimmune disorder. Adininistzation of Th2 cells has been shown to reduce 
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GVHD in sdbjecls xecdving an alloge^ 

of donor TceOs to preveot allograft rejection. Th]Biefin:e, adnumstrationofTh2ce]]stoasiib^ 
clinical settings can improve the subject's response to a transplant 

Using the methods disclosed above, Tb2 cells obtained firom a subject were purified and 
5 e3q>anded€scvrw. The eaqpanded Th2 cells were intiodnced at a therape uti cally effective dose into the 
same or another sulgect to stiniulate a subject's inimune syst^ 

Lymphoiyte Ernest and T Cdl Isolation from Subject 

Blood was coUected fiom a subject; such as an HIA-m 
10 pQ|mlatioiiofTh2 ceils generated, using the imethod The subject need not 

receive any particular treatooent prior to harvesting the CD4^ cells. Briefly, the subject underwent a 2 to 5 
liter ^heresis procedure using a CS-3000 or an equivalent xnacbine. The apheresis product was 
subjected to countedlow centrifugal ehitriation, and die lynqihocyte fiaction (120 to 140 fiacticm) 
. dqplftl^ fff P C^H? hy iiir'^^«*»"" W^ an»l-Tl cell antibmiy, an MitU!!D8 anlihfMiy.and sheep anri- 

15 "moiise magnetic beads: Ftew cytometry was used to d emui isli ate diat CP8r T cell o ontaniTnatian was < 
1%. 

The lesuhaiit CD4^-enriched lyng)hocyte product can be ciyopreserved using standard methods 
(for exanq>le using a combination of Pentastarch and DMSO) in aliquots of 50 to 200 x 10^ ceDs/viaL To 
qualify for cryopreservation, the cell culture should contain jxedominatBly CD4^ T cells by flow 
20 cytometry (greater than 70% CX>4^T cells, and less than 5% contaminating Sterihtyofthe 
population was not be tested at this stage of die Th2 ceU generation pnicedur^ 
the final ca<ultuie of donor CD4 cells witii ledpient APC 

Per^hendBtoodStem Cdl (PBSQ Harvest 

25 Immediately following lynaphocyte harvest, die donor subject received filgrastim as an 

outpatient (10 ug/kg/day each morning; subcutaneously) fcH* 5, 6, or 7 days. The subject should take die 
filgrastim as early as possible upon awakening in the moming. This is especially inq>ortant on days 5, 6, 
and 7 of the injections. 

Apheresis was typically peifonned on days 5 and 6. On some occasions, sufficient numbers of 
3 0 CD34^ cells were obtained with a single s^heresis on day 5; on odier occasions, i^heresis was performed 
on days 5 , 6, and 7 to reach die target CDZA* cell number ^ 4 x 1 0^ per kg) . The subj ect was instructed 
to take filgrastim for the conqplete 7 day period, unless notified by the transplant team that adequate 
CD34^ cells were harvested before day 7. 
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If> 3 X 10^ CD34^ cdb per kg were harvested after <q[d^^ 
iinbiHzation or ^heresis was perfoiinBd, and die rec^^ 
with tiiat dose of CD34^ cells. 

When less tiian 3x10^ CD34* cells per kg are harvested after q)heresis on days 5 , 6, and 7, &e 
5 sub) ect was given two weeks of rest, and dien re-treated with filgrastim followed by repeat perq^heral 
blood stem cell harvesting. 

A 15 to 25 Htcr large voliimei;^iote blood a^jhercsis was pei£^^ 
via a taoaporaiy central venous catheter in the femoral position using the Baxter CS3000Phis, Cobe 
Spectra, or an equivalent instmmeot This procedure typically took 4 to 6 hours. 
10 Apbracesis procedure uses ACD-A anfrcoagyilant; alternatively, partial antircoagulation wi& 

heparin is utilized. The ^heresis product was cryopreserved and st(»edat-^180X in a solution 
containing Plasmal^te A^ Pentastarch, tnini^^n serum albumiii, DMSO, and preservative free hq>arin (10 
UAnl). The concentration of CP34^ cells in the apheresia product was detemimed by flow cytometry, and 
flie immber of CD34^ cells in each cryoprescrved bag calrailatnd. Iftfie donor and host are ABO 
IS inc<MQDpatible, red blood cdOs are dq^^ 

ExyipoGenenaUfH 0fCD4*'Th2Cdb 

The ciyopreserved CD4^ T celb were resuq[>ended to a concentration of 03 X 10^ celb per ^ 
and e3q>anded using the meOiod disclosed in Examples 1-3. The resuhiog population of substantially 

20 purified Th2celb can be used imoKdiatdy, or ccyopreserved for future use. Toquahfyfor 

ciyopreservation with subsequent administration, die T1i2 cell culture ideally contained fHcedormnandy (> 
70%) CD4^T cells and less dian 5% CD8^T cells. For example, tiie population of substantially purified 
Th2-cell8 is at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, or even at least 99% pure. 

In addition, the T cells were tested for fungal and bacterial cultures, using standard testing doi^ 

25 on cell products and for endotoxin content, using a limuhis assay . Cell products positive for fungal, 
bacterial, or endotoxin content were discarded. T-cells obtained fi^m subjects infected with HIV will 
also be infected with HIV, as the virus directly infects CD4'*'T cells. Therefore, in sanoples obtained from 
HTV positive subj ects, methods can be used to control HIV infection during CD4 propagation, such as 
administration of anti-HIV drugs to die culture or gene-transfer approaches. 

30 To estimate the number of Th2 cells that can be obtained fiom a siibjec^ the following 

calcuktionscanbeusedasagnideliDel About 0.5 x 10^ QM^TceDs can be harvested from one ml of 
blood. Assuming a 24oge3q^ansionoflli2 cells in culture, it is estimated di^ 

generated from one ml of blood. This vahie assunoies 100% efSciency at each step of die process, which 
is likely not to occur; a range of 20-100% efficiency is reasonable. Therefore, about 0.8 - 4 x 10^ Tli2 
35 cells could be generated per ml of blood 
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AdrnMstnOion of Generated Th2 cdb 

On day 1 of the transplant procedure, Th2 cells were a dmiiiista ed intravenously, IfdieTh2 
cells ^yere previously ciyopreserved, ^ cells were thawed and dilated in saline sohitiixi to a votunse of 
5 ap pjo xim ately 125 to 250 ml for intravenous infusion. The dose of Th2 cells for eadi of the tinee Th2 
cell dose levels is shown in Fig. 6. Sten>ids were not adnunisteied to manage DMSO-relaled toxicities 
(dullsy nmscle aches) tiiat may occur immediately after ceUnlar inftasion (dqxhenl^diamine and 
mepeiidtne are allowed). ItedetecmmationofwlieAer a T1i2cdl infusion was safe is has^ 
pzesence or absence of l^peiacatB OVHD and of any grade 4 or 5 toxicity attribotalxle tD d» 
10 dut occurs in the first 14 days post-transplant Hyperacute GVHD is defined as a sevm level of acute 
GViro (grade 3 or 4) that occurs within the first 14 days post-transplant 

Th2 cells canbe adndmstered in one or more pharmaceutically acceptable carriers, such as a 

saline solution. ^<^iti^"» tbff Th2 t^^}^^ ™^ ^ «<liiiii».v l H i ft <1 MmnrtrertAy (nr gqiarately) witfi nHher 

dierqieutic agents, sndi as anti-microbialagents^and/o^ In additini to administering 

IS suhstantially purified Th2 cells, soiMmltnxed CD4^ and CDf^ T cells canbe adn unlste redwiflitiieTb2 

cells (concanpmdy or sq)axately), allowing a mcne ocnnplete CD4'*' and CD8^ imnnnte recovery in a CD4^ 

T1i2 and a CDS'*' Tc2 manner. For example, patients received fbc stem cell transplant (v^iidi is T cell 

replete and tf^erefore contains nouKnilturedCIM and (^8 celb) on day ^ Ondaylof 

the transplant, the patient received tiie ex vhne> generated Th2 cells. 
20 Examples of subjects vfbo would benefit from such therapy include, but are not limited to, fliose 

receiving a stem ceU or soM organ transplant, those having an autoimname disorder ^ 

least one tumor. 

^ a particular example, Ibe dose ofTh2 cells administered to a subject was in dose 
#1, about 5 X 10^ Th2 ceUs/k^, dose ^ about 2.5 X 10^ T1i2 cells/^ 

25 cells/kg. TH^1)y^ nn mT*i«>-gtgw^i'^» ^waft ftrfminiR tgrgd m ihe management of PMfgO-TelatKd tnTicitiea 
(chUls, muscle aches) that may occur immediately after cellular infusion (dipbenhydramine and 
meperidine are instead administered). The subject was monitored for l3be presence or absence of any 
grade 4 or 5 toxicity attributable to the Th2 cells that can occur in the first 14 days post-tran^lant 

Toxicity was monitored by criteria established by the National Cancer Institute Cancer Thersq>y 

30 and Evaluation Program (NCI-CTEP). Grade 4 toxicity is considered ^'life-threatemngTwbereasGra^ 
toxicity is death. Each organ system (GI system, renal systeni, nervous systeni, etc.) is graded on fiie 
grade 0 (not observeiQ to grade 5 scale (see also Table 7) . 

If no grade 4 or 5 toxicity attributable to the Th2 cells is observed in an initial three subjects 
receiving a particular dose of Th2 cells, then it is determined that that dose level has acceptable toxicity, 

35 and accrual to a higher dose level commences. For example, if so grade 4 or 5 toxicity attributable to the 
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Tli2 celk is obsmed in an initial fiiree subjects 

bas acceptable toxicity, and accnial to dose level #2 commences. If grade 4 or 5 toxicity attributable to 
the Tb2 cells is observed in any of &e initial tinee subjects, tben accrual to dose level #1 is expanded to 
include a total of six patients. If two subjects in six develop a grade IV toxicity related to die Th2 cells, 
S limit is detennmedfliat dose level #1 is not acceptable, and fintfaer accnial to the study stops at ttiat 

point Ifonly one ofte SIX patients esqierienoes such an advene effect flie^ - 
level # 1 bas acceptable toxidly, and accrual proceeds to dose level #2. 

Three subjects are dien subjected to lli2ceU dose level #2 (2Jx 10^ Thesame 
accrual and stopping ides apply to this dose level as diose used for dose ^ Assoch, eidierlbieear 

10 six subjects are accrued to dose level #2. 

If it is determined diatTb2 cell dose level #2 has acceptable toxicity, accrual to the final dose 
level #3 starts Crh2 cell dose of IJtSx 10" cells/kg). Six subjects axe evahiated on dose level #3. Ifmore 
than one subject on dose level ilB devdops a grade 4 or 5 toxicity attiibn^ 
accnial to dose Icnfel ^'Sta^; AttEiiipts were inade to spa^ 

IS ' and GVHD results fiomlM dose level #3 were avaSable pi^ 
die phase n component of the study. 

The Tb2 cells disclosed herein can be administered to a subject one or more times as necessary 
for a particular subject Aldiough one infusion may be sufQcient, several infusions can be performed to 
increase the benefit, as some tumors and GVHD are oftentimes dbronic and difELcult to treat Ifmultq>le 

20 infusions are performed, they can be separated by a period of about four weeks. During such tceatmeoot, 
the patient is monitored, for exampte by peifoiniing tests about 0^ 
treatment cycle. Tests would include xneasnrementofTceUcytoldnes, measurement of iinn^ 
panels sudi as T cell counts and T cell divosity and con^tence using methods known to those skilled in 
the art In addition, tests tiuit measure disease activity can also be peifoimed to nx>ri^ 

25 effect oftheTh2 cells. 

AUogeneic Peripheral Blood Stem CeU Transplantaiion (PBSC) 

On day 0, die patient received the cryopresert^PBSC (prepared as described above). The 
ayopreserved PBSC pn>duct was dmwedaxul administered intravenously inm^ Tbe target dose 
30 ofdiePBSCwas>4xlO^CD34^ceUsperkg. However,if donor q>heEesisondays5,6, and7yieldeda 
total of > 3 X 1 0^ CD34^ cells per kg, this level of CD34^ cell dose was utilized 
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Grawdt Factor Administrathn PosMnm^lant 

On day 0 of the tian^lant, immediatBly after PB SC transfbsioii» patients begin treatment with 
tecombinant human filgrastim at a dose of 10 |ig/^ Filgrastim continues untO &e ANC count is 

S greater flian 5000 cells pa')ilfi)r three ccmseciitive days. 

EXAMPLES 

Deplefing a Subject's Immune System Prior to Admioistration of Th2 Cells 
Prior to transplantation of Th2 cells, the transplant recipient's immune system b deleted or 
10 ablated using any immune-dq>letingmediod Sped&exan^les are provided below, although other 
methods can be used. 

Until recently, preparative regimens utilized for allogeneic bone marrow tzan^lantation 
(aHoBMT) have genially fnchided myeloablative doses of cfaemofteiqiy and/or total body inadiotioii. 
Tbe high level of leukemia reh^ fliat occurs in the setting of T cell-dq>letBd alloBMT indicates dut the 

15 V V. curative anti-leu]QBniic-aq)ect of manow transplantation is Hkely derived primarily fiom a T ceUnmediated 
GVL effect and not from the myeloablative preparative regimen. These inadequacies of myeloablative 
preparative regimens, cornbined with die high levels of morbidity and mortality associated with 
myeloablation, results in a low ther^ieutic index for diis aspect of allogeneic transplantation. As such, 
iSbt ability to establish aQoengrafiment without myeloablation is disclosed. 

20 Fhidaxabine can c on tri bu te to Ibc prevention of marrow rejection in non-n^loablative 

transplant approaches. In Resetting of TcdQHrepleteHLA-inatchedPBSCT, find 
preparative regimens have consistently resulted in donor engraftment without rnyeloablation. A Phase HI 
study of Tli2 cells fixr tiie prevention of GVHD after rxm-myeloablatrve allogeneic PBSCT will be 
performed. It is thought that admiriistration of doiior QM^ Th2 celk wiU aUow for donor engraf^^ 

25 after fludanibine-based regimens with reduced GVHD. 

Immune-d^ledng chemotherapies 

Subjects received at least one cycle of induction chemotherapy, even if tiieir CM'*^ count was 
less than 50 cells per pL Ifthe subject is also tiie donor oftheTh2 cells, chemotheri^y is not 
30 administered nntfl after cell products are harvested fiom the subject Placement of permanent central 
venous access can be performed. Ideally, steroids are not used as an anti-emetic during ^ 
chemotherapy regimen. Examples of immune depleting chemotherapy that can be used to deplete a 
subject's inunune system prior to Th2 cell dierapy include die Fhidaiabine/EPOCH method CTable 3) and 
the Fludarabine/cyclophosphamide metixxl (fludaiabine (25 mgW per day IV for 4 consecutive days) 
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combmedwithcyclopliospli^^ Ho^vever, otter mediods known 

to ttose skflled in die art ZDay also be employed 



T able 3: Cycle 1 of Indnction Chemotfaerapy 



Drug 


]>ose 


Days 


Flttdaiabine 


25mgte*perdayIV 
Infusion over 30 nmnites, daily for 3 days 


Days 1 A3 


Btoposide 


50 mg/ir^ per day continuous IV 
Infusion over 24 boms, daily for 3 days 


Days 1,23 


Doxoiubicni 


10 mg^ per day continuous IV 
Infusion over 24 hours, daily for 3 days 


Days 1,23 


Vincristine 


0^ mg/m^ per day continuous IV 
Infusion over 24 hours, daily for 3 days 


Days 1 A3 


Cyclophosphamide 


600 mgta^ IV Infosion over 2 far 


Day4 


Piednisone 


60 per day orally, daily fbr4 days 


Days 1 A3,4 


Pflgpiirtiin 


10 p^cg per day subcotaneousty 


Daily from day 5 until 
ANC> 1000/^1 for 
conseciidve days 



Flndaxabine can be obtained fiomBerlex Laboratories (FLUDARA IV). Cyclophosphamide is 
available from Mead Johnson (Cytoxan). Etoposide^DoxonibicinA^iiiciisdnecanbeadnm^ 
continuous infosion (all are commercially available). In Ibis study, the daily dose of vincristine^ 
doxonibicin* and etoposide (Le. , die 24 hour siqiply) is admixed togclher in 500 nd of 0.9% NaQ 
iiyection and ddivered with a suitable infusion punq>thioii^ Ihebagis 
exchanged daily for each of the dnee days to conq>lete the 72 hour infusion. It is noted that doxorabidn 
cardiotoxidty is particularly noted after cmmdative doses of greater than 550 mg/m^. Prednisone is 
commercially available in solid or liquid dosage forms. In patients unable to tolerate oral medication, 
mediy^irednisolone is substituted at the same dosage, diluted in 25 ml of D5W, and infused over 15 
nunutes. Ideally, prednisone diould be taken ^vith food to ledncegastrointesti^ Filgrastim 
(G-CSF) is a commercially available recombinant himian protein (Nei^>ogen; Amgen Corp., Thousand 
Oak,CA). Filgrastim should not be diluted with NaQ sohidons. 

Because the primary purpose of the induction chemother^y is to establish severe host wnnmiiig 
T cell depletion prior to the allotransplant, the number of induction chemotheiapy cycles administered 
was determined by the severity of inunune T cell depletion observed. The CD4'*' count can be measured 
by flow cytometry, for exanQ>le in tbe interval of day 15 to day 21 of foe fludarabine/EPOCH 
chemothetapy. If foere were >50 CD4^ cells per )l\ of blood during this interval, finther cycles of 
induction c]iemodierq>y were adnunistered (in an attenq>t to achieve greater immunosiqypression prior to 
transplantation). However, a inaxiaiumofdiree cycles of induction cheniofoerapy were If 
foe level of CD4^ cells is <50 cells per pi of blood v/hsa measured withm days 1 5-2 1 after 
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fliidaid>iDe/EPOCH admbusbsd^ 

deleted, and that sabject leceived tiie transplant pceparative legimen. 

Subjects received tiie second cycle of dtemother^y on day 22 after the first cyde was imtiated. 
However, an additional two weeks of recovery time before administration of the second cycle was 
5 provided if medically indicated (for example far delay in neutrophil recovery, documented infection, or 
odier coooplicatioii resulting fiom fbc induction cbemotherapy regimen). 

If a solject devdoped iievtfropenia of less than 500 PMN*s per |d 
dnriog any cycle of induction chemotfaenqiy, ^ sid>ject received no iintiier ixiductiondiemotlieri^y. 
Insteady fiiey received a transplant preparative rpgimen (see below), even if the CM^ count was not <50 
10 celbperfiL 

Following chemoHierapy, subjects proceeded tote transplant preparative regimen 
chemoter^y (even ifteQM'^ count is still >50 cells per |il). If a subject developed progressive 
disease at any point during induction chemotherq>y cycles, sndi a subj ect proceeded to te transplant 
preparative leg im en (indqwodent of tiie CD4^ count). 

15 

Determination of Cyde 2 and Cyde 3 Dose Escalation 

If die first cyde of induction chemoiherq)y does not reduce the CD4^ count to bdow 50 cells 
per ^1 and does not result in febrile neutropenia or prolonged neutropenia as evidenced by two 
consecutive bi-weekly AKC values less than 500 celb per ^1, dien ihs next cycle of induction 
20 cbemoterqyy can be dose escalated, by increasing the daily dose of fludarabi^ 

and cyclqphoqjliamide 20%. Ifa1hirdcycteofdieov>ttuBEqiy is ie(piired(CD4^ count sti^ 
50) and febrile neutropenia m two timepoints of ANC less than 500 did iKyt occur after cyde 2, then the 
tiurd cyde of induction chemodienqpy is a dmiui s te red at a further 20% escalation of doses administered 
for cyde 2. 

25 

Dose Reduction of Pre-tran^lant Induction Chanotherapy 

In tiie event that more dian one subject experiences a period of neutropenia (ANC less than 500 
per 111) for more than 1 0 days, the etqposide, doxorubicin, vincristine, and prednisone is reduced fiom 
three days to two days of administration. The doses of tisese medications remain undianged. Indieevent 
30 of this diax^e, the cyclophospbainide arid filgrastim is given (m day 3. The same schedule modification 
described in subsection a) (above) is performed if any grade IV toxidty by the NCI Conmnon Toxicity 
Criteria is observed in more fiian one subject 

II* 

Transplant Preparative Regimen 
35 On day 22 after the final cycle of ioduction chemotherapy, subjects were eligible to receive a 

transplant preparative regimen (Table 4). Therefore, day 22 of the final induction chemofiierapy cycle is 
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transplant day -6. However, in cases addMonal recovoy tiine was 

prolonged oeotropema, dociunented infectioxiy or odier medical conpUcations of die induction reginien), 
an additional two weeks of recovery time was utilizied prior to initiation of tiie transplant pTq>aiative 
f^uueu. 



Table 4; XVaMttplantPrcpu-ativeReginiien 





Dose 


Days 


Fhidaiabine 


30 mg/m^ per day IV Infusion over 15 to 30 
nmnites, daily for 4 days 


Tran^lant Days -6,-5,- 
4.-3 


Cyclophospbamide 


1 200 rag/n^ per day IV Infusion over 2 hours, 
daflyfor4days 


Transplant Days -6,-5,- 
4,-3 


Mesna 


1 200 mg/af per day by contmuons IV 
Xofosion, daily for 4 days (start 1 hour before 
cycloidioq>]ianude)* 


Transplant Days -6,-5,- 
4.-3 



cycloplK)sphamide ends). Tlxen, mesna is given at 1200 mgte^ in 500 ml over 24 hoar info^^ 
(bys (days -6, -5, -4, and -3). Mesna (sodium 2-niercaptoefhanesuIfonatB) is oonmieraallyavai^ 
Mesnex (Asta Medica). 

Hydradon Regfmen During Freparadve Regunen ChemaOterapy 

Hydration was itdtiated 1 2 hours prior to cyclophosphamide infusion (on day -7 of die 
transplant). Hydration was widinonnal saline sf^lementedwidi 10 meq^ 

ml/hour. Hydration continued untfl 24 hours after the last cyclophoshamide dose was completed. During 
hydration, 20 mg of finosemide was adnanustered daily by IV route to man Ifbodyweig^ 
in any patient increased to more dian 5% above pre-cyclophos[4iaimde wd^it, additioiial doses of 
fiirosemide were administBred Id general, fhrosemide doses are separated by at least a four hour 
observation interval During hydration, serum potassium levels were monitored every 12 hoins. If 
potassiumvalue was > 4.5 ri]eq/],KQ was removed fiom die saline infusioiL If potassium value was < 
3.0, KQ concentration in die saline is increased to 25 meq/L Duringhydratioii,if urine ou^ was < 1.5 
ml/k^hour, an additional 20 mg of furosemide was admmisteredL 



Monodonal mdba^ therapies 

Exaznples of monoclonal antibody dierapies that can be used to practice the disclosed methods 
include, but are not limited to: Rituxan and Herceptin. Rituxan is a monoclonal antibody to CD20, which 
is present on B cell malignancies such as lyiiq>homa. Herceptin is a monoclonal antibody to her2-nea, 
which is often over-esipressed on breast cancer cells. These agents are typically administered in 
coDobination with diemotherapy. Ingeneral,xnonocloiial-antibodybasedtherapy is well-tolerated so a 
high degree of niointotirig is not required. 
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£XAMHJ£9 
InfecdOB Prophytads 

To assist in piotBcthig a subject from infectiaDS ttat can result fiom xeceiving dbemaOxxapy or 
S ottier iuiuiune-depletiiig fhesscpyp cwoitoanpixfpbiyfsus^co^^ can be mliimrislered prior to tibc 

start nf Ihft iVrffTy^ f» fa^Wm^ fha itnfnnnft sysim The pTOpl^laxiS disdosed bdow CStt be 

admhiistBted separately, or in oonibinaticM), dq)ending on die tequireinents of die subject. In addition, die 
dosage regimens for the prophylaxis described below are known to tiiose skilled in flie art, and can be 
found in Mandell (Prmcq?les and Practice of btfectious Disease; Sdi Edition, Copyriglrt 2000 by 
10 ChuTchiH Livingstone, Inc.) 

For example^ at die initiatian of pre-tzani^lant induction chemodierapy untfl administtation of 
ttkiihhktiDSttppiessive agjftiite is Ibi iiiiiiatBd, subiects can receive: trimedioprim 160 n^sul&medioxazole 
800 mg for PCPpropli^axis, one tablet p.o. BID cm two ds^ of eveiy week (Le^ on each Satmday and 
Sunday). If a subject is allergic to snlfonamide antibiotfcs, aerosdized porrtamftdinft (300 ng) is 
— t13 ' i*^ni^>i ifttfni*tfd'at die tuni^-of frpuj^p^^nit -T^p •c b ^uio^^'^py fldiTiiiM^if atifwi ^ and dienoncc pcr>monfli 

undl the patient is off of immimosiqTpressive agents. After conqyletion of diis one week treatment period 
with trimedioprim/ sut&methoxazole, this drug is not administered untQ the absolute neutrophii count 
reaches 1000 ceUs/pI and die platel^ count reaches 50,000 ceUs/^1 after the aUogenei^ When 
dicANCreaches 1000 celIs/^1 and the platelet count readies 50,000 cells/iU, die subject wiUie^^ 
20 oral re^mcnoftrinieflioprim 160 n^sntfiunedioxazote 800 iD^ This j 

regimen will continue untQ die patient is ofifof immunosiqppressive agents. 

Acyclovir (800 mg p.o. BID or 250 mg^ Lv. every 12 hours) can be a dmiuiste t e d HSV 
prophylaxis. 

In addition, fluconazole can be administered (400 mg p.o. daily, oral or Lv.) for fungal and 
25 bacterial prophylaxis. However, because fluconazole can deky die cleaimice of viiicristine,fhiconazole 
is discontinued during days 1, 2, 3, and 4 of induction chemotherapy. Fluconazole is then restarted on 
day 5 of the cycle (along widi the G-CSF initiation). In die case of either an ANC less than 500 cells/|il 
and any fever in excess of 38.0**C, a third or fourth generation cq>halospor]n is initiated. 

In addition, IVIG (500 m^kg IV) starting at day 28 post-tranqilant; and contxauing every two 
3 0 weeks untO day 1 00 post-transplant; can be administered for CNCV prophylaxis and treatment (Table 5). 
At that poin^ IVIG is reduced to 500 mg^ every four weeks until day 180. 
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Table 5; IVIG Administration (500 mg/kg IV) 

4 Weeks post-transplant 

6 Weeks post-transplant 

8 Weeks post-transplant 

10 Weeks post-transplant 

12 Weeks post-transplant ' 

14 Wedcs post-transplant 

18 Weeks post-transplant 

22 Weeks post-transplant 

26 Weeks post-transplant 

Aiter day 1 80, forther IVIG a dmimsti ation is dependoit on sennn immunogtobulin levels and 
5 degree of imnximosi^ppiession. If CMV infection is doaimgmted, acyclovir is discontinned and the 
patient starts on ganciclovir, 5 mg/kg Lv. every 12 hours for 14 consecutive days. Ganciclovir is tiien 
maintained at a dose of 5 m^kgiv. daily until the patient is off The 
dosage and schedole of giBnciclovir is modified for renal insofBdcncy, During ganciclovir treatment of 
established CMV iiifsctian» IVIG is administered at a dose of 500 wg/kg j.v. eadh week. 

10 

EXAMPLE 10 
GVHD Chemoprophylazis WUh Cydosporlne A 

Jn one example, cyclosponne (CSA; available as an iigectable concentrate (Sandimmune) or as a 
microemulsion in capsules (Neoral)) is initiated on die day —1 before the transplant CSA is administered 

IS by Lv. infusion at a dose of 2 mg/kg, CSA is ad mini stered every 12 hours, with each infusion 

adnmnstered over a 2 hour period. la tiie first two weeks post--transplan]^ CSA dose is modified to 
achieve adequate steady-state CSA levels. Once tins intravenous dose is established and die patient is 
able to tolerate oral feedings (typically by day 14 post-transplant), dien CSA is switched to the oral 
formulation. Conversion of CSA to the oral formulation is typically performed by multq>lying die 

20 adequateiv. dosebya&ctorof 1.5to2.0. Patients are then maintained on oral CSA on a 12 hour 

schedule. This dose of CSA continues untQ day 1 00 post-transplant, at which point it is gradually t^>ered 
as long as die level of GVHD is less than grade 2 (Table 6). Tapex consists of a 5 to 10% dose reduction 
each week (patient is dien taken offofCSA by day 180 post-transplant). Blood or plasma concentrations 
of CSA are typically monitored; cracentrations of 250 ngAnl (blood) or 50 ngfnH (seium) appear to 

25 minimize the frequency of CSA adverse efifeds. 
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TaMe 6: GVHD Chemoproplqiaxis With Cydosporine A 



Taper Step 


Days post-BMT 


CSA ]>osage (nm/lo/dose) 


Taper Step 1 


10M07 


95% of Maintenance Dose (MD.) 


Taper Step 2 


108-114 


90%ofMJD. 


Taper Step 3 


115-121 


85% of MX). 


Taper Step 4 


122-128 


80%ofMJD. 


T^>er Step 5 


129-135 


70%ofMD. 


Tq>er Step 6 


136-142 


60% of MX). 


T^>er Step 7 


143-149 


50%ofMLD. 


Taper Step 8 


150-156 


40%ofMJD. 


Tq>erStBp8 


157-163 


30% of MX). 


T^perSteplO 


164-170 


20% of MX). 


Taper Step 11 


171-180 


10% of MX). 



IdeaDy, tiiedeci£aon to taper CSA before day 100 is peEmitted only For 
exan^le, taper of CSA before day 1 00 is pennitted for the treatment of climcally evident progressive 
5 disease post4ransplant» and for the treatment of low levels of donor clrinnerisni post-transplant (less than 
20% donor fihwnerigm by day 60 post-tian^lant). 

In one exan9le»rq>amycin can be Dsed instead o^ or in addition to, CSA, for GVHD 
pioiftfaylBxis. For example a loading dosiBofarBlrq»mycin of 15 per nclersqu^ 
area, foUowed by a niaintBiiaiK:e dose of 5 n^ per meter squared per day orally for 
10 beadniiiiistcied(forexanq[>leseeBeiutoefa/., Thzn^ 72(12): 1924-29, 2001). 

EXAMPLE 11 
Treatment of Persistent IHsease Post-tnuuplant 

DU and other therapy 

IS Subjects with persistent or progressive malignant disease post transplant such as 100 days after 

an allogeneic stem cell transplant, is a poor prognostic sign. Whenrelapse occurs after tran^lantation, 
adnrinistiation of additional donor Nu i nm iR cells, such as donor 11i2 cells, at the tfme of ie]q)6e can result 
in tumor regressions. This form ofinnixunelberqyy, because it occurs at a time renntefi^ 
stem ceUtransplaixt procedure, is termed "delayed donor lymphocyte irifusion"(^ DUmaybe 

20 administered alone or after chemotherapy administration. 

Donor lyn^hocytes are collected by apheresis either in steady state (no donor therapy) or after 
G-CSF mobilizatioiL The donor product can be enriched for lyrrq)hocytes by Ficoll-Hypaque procedure 
to a buffy coat product Alternatively, in cases vttoe additional donor stem cells are desired, the donor 
product can be administered widioutlyinphocyte purification DIJcanbesequentianyadxrniiistered, 
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wilh initial dosiDg at lxlO<^CD3*Tcelb per 
ICfperkg. 

AHogeseic Th2 lyn^bocytes bave an applicati(m in inqnoving tiie results of DU therapy for flie 
treatment of maHgiiancy post-transplant In tliis Thl-modified DU method, a subject sufieiiiig from a 
5 malignant relapse following an allogenic stem cell transplant is immuno-depleted, sudi as using 
diemotlierapy as deaoibed in EXAMPLE 8; to deplete or rfitimnte an immune system tbat is not 

eflRcf cnt m i^Kmnia tmgr jhet camnsr. In OPig facanipigt jiTymmmwInplgttng c-hftnin t'hBriipy ittc1w<li»g 

fhidarabine administration followed by EPOCH chemother^y , widi subsequent administration of 
fludaiabine and higher doses of cyclophospbamide. Aflerimn]unedq)letion, the subject is admimstered 

10 additional donor OM^ and CDS^Tcelb in the dose range of40 to 400x1^^ Wrihin24 
hours after diis T cell administration, the subj ect additionally receives die ex vivo generated donor CD4^ 
Th2ce]]s, for exan9)te between 5 and 125 X 10^ cells^ using the methods described in 1-3. 
This method results in a more potent DLI approach widiieqiect to increased anti-tnmw efficacy. 
Additionally, because the Th2 infusion will modeiatB GVHD, tins Tfa2 DLI method mediates anti-tnmor 

IS effects wifli reduced GVHD^ielated toxicity. * . 

Alternatively, penistent or progressive disease can be treated with any approved thcRq>y diou^ . 
to be in Ihe best standard care of ^patient, such as chemodieiapy, pytokine therapy, or monoclonal 
antibody therapy. Altmatively, patients with relapse may receive diei^ on other NCI protocols. 

20 Treatment of Gn^VentiSrHosi Disease 

In patients where GVHD is suspected, standard chnical criteria and sidn or liver bwpsy 
in&miation is nsed to establish file diagnosis. Acute GYHD is graded by tiieGlucksberg criteria (Table 
7). Subjects with clinical stage 1 or 2 ofthesldnwidiout any other organ involves^ 
1% hydrocortisone cieme BID. In general, patients with ^ Grade n acute GVHD are treated with high- 

25 dose corticosteroids. Patients who £ul to respond satis&ctorily to corticosteroids can receive anti* 
diymocyte globulin (ATG) treatment or otiier e3q)erimental acute GVHD protocols. 



Table 7: Four Pofait Grading Scales for GVHD Target Organs j 


[Qucksberg Criteria) 


Sidn 


Liver 


Intestine 


1 of 4: Rash on < 25% BSA 


1 of 4: Bilirubin of 2-3 mg% 


1 of 4: Dianhea of > 500 
nil/day 


2of4:Rash(m2Sto50% 
BSA 


2 of 4: Bilkubin of 3.1-6 mg% 


2 of 4: Dianhea of > 1000 
ml/day 


3 of 4: Rash on > 50% BSA 


3 of 4: Bilirubin of 6.1-15 mg% 


3 of 4: Diaidiea of > 1500 
ml/day 


4 of 4: Bullae Desquamation 


4 of 4: Bilirubin of >15 nng% 


4 of4: Pain and Ileus 



30 



wo 03/004625 



PCT/US02/20415 



-41 



Table 8; Clinical Qrading of Acute GVHD (Idghest score deriig 100 day port-transplant pe riod) 



Clinical Grade of Aente GVHD 




Tare 


etOreansofGVHD 






Skin 


liver 


TiitiBstmc 


GradeO 




None 


None 


None 












Gxadel 




lQr2 


None 


None 












GiadellCSLO 




l,2,or3 


1 


1 


Graden(S) 




4 


None 


None 


Giaden(LD 




None 


1 


1 












Grade m 




2(nr3 


2cir3 


2Qr3 












Grade IV 




2.3. or4 


2.3»or4 


Z3.or4 



Acute GVHD can be treated as follows. Grade O-I GVHD is treated with topical corttcosteroids 
(1% hydrocortisone or eqaivaleiit)^lied to laah BID. Grade II-IV GVHD is treated with 
5 ]nediy^sedniso]one(NfP)623n^^perdo8eIV,BIDfor4 conseci]^^ If Ibeateis no response 
afiBr4 d^8» conlinne until response (7 day maxinnuntriaO. IfxespomG widnn 7 d^fs^taper as follows: 
50 mgte^ per dose IV, BID for 2 day^ 37 J nigte^ per dose IV, BID 2 d^ 25 n^ 
BID for 2 days; 1 OmgW per dose IV, BID for 2 days; after diis, steroid will be reduced by 10% each 
week. During taper, maTntam CSA at therapeutic levels (trough level should be greater than 150 ng^nd). 

10 When clinically appr o pri ate, change MP to the potency equivalent of oral prednisone (10 mg dose of MP 
is as potent as 12.5 mg of prednisone). IfGVHD wmsens during ts9)er, steroids can be increased to 
previous dose. If diere is no reqxmse observed wrfinn 7 days of MP treatment m e thylpiednisokme can 
be increased to 500 mgtai^ per dose IV, BID for 2 days. If there is no improvement, steroids are 
discontinued, and consideration wiQ be inade of using other agents for foe treatment of 

15 anti-foymocyte globulin or other n3ore experimiraital options that m Ideally, during 

steroid treatment of GVHD, fluconazole is changed to itraconazole. 

The following are criteria to deteimine defboitioDS of response to acute GVHD treatment 
Determination of acute GVHD treatment response should be made within 96 hours of starting the 
treatment Con^lete response: coniplete resolution ofaU clinical sigps and symptoins of acute GVHD. 

20 Partial Response: 50% reduction in skin rash, stool volume or frequency, and/or total bilirubin; 

inainlenanceofadequateperfonziance status QCamo&ky Score >.70%,m Non-responder < 

50% reduction in skin rash, stool vofaime or frequency, and/or total bilirubin; foilnie to winintafn adequate 
perforxnance status (Kainofsky Score < 70%^ see Table 2). Progressive disease: further progression of 
signs and synq>toms of acute GVHD, and/or decline in perfoimance status after the initiation of ther^y. 

25 Chrome GVHD can be treated as follows. Initial ther^y involves 7 days of treatment with die 

following regimem cyclospoxine, 6 mgto^ per dose orally BID and prednisone, 1 mg/kg per dose, orally 
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ODcedai^. Ifreq)aii8e is observed after 7 days^tbefoUowix^t^per is pe^^ prednisone, Img/kg 
per dose giveii every other day (no day 8 dose) ; CSA, 6 mgW per dose given BID every otber day (no 
day 9 dose); CSA and prednisone dosing are dnis given on alternate days. Further tsq>er is by decreasing 
prednisone by 0 J iqg/kg per dose each "week; patient wiUthDS be off o During 

S rtwa pwNtffiyAyif. fajvy ^ pn^iiwrf grill K> mamfaitiwH on tftft gamfe Hnae smA oelieHiilg nf PRA. CSAlsfteD 

grven cm the folbwing inrndhty tq>en montfa CSA 4 J 

nicmth 2, CSA 3.0 xng^^ per dose, given BID eveiyodier day; monlh3, CSA 1.5 mgAoat^ per dose, giveii 
BID every other day; dien discontinuation of CSA. If no response is observed after 7 days, oontimie an 
additional seven days or until response, whichever conies &st After re^XHise, tq>er as above. 

10 If no response is observed after 14 days of initial CSA/prednisoim treatment, these agents are 

discontinued, and consideration is made towards ahemative treatments of chronic GVHD soch as: 
lujunmau ornyDo;AenDlicacid; ATG;oroflieic3q)erin^ 

. Hie foOowis^ are criteria to determtne definitions of response to chronic GVHD treatment, As 
widi acute GVHD, detBnmnatioai4>f chronic GVHD response to trea^^ 

IS hours of treatment initiatioa CompletB response: compklB^iesohition of all clinical signs and symptoms 
of chronic GVHD. Partial response: Clinicd improvement, but persistence in signs and syn^itoms of 
chronic GVHD; maintenance of adequate performance status (Kamo&ky Score >70%y see Table 2). 
Stable disease: No inqirovement or progression in signs and syn:9>toms of chronic GVHD; maintenance 
of adequate performance status (Karno&ky Score <?()%). Non^espcnder progressicMi in signs and 

20 symptoms of chronic GVHD, and/or decline in pexfoimance status after initiation of treatment 

EXAMPLE 12 
Pharmacokinetic and Inmmne Studies 
The methods below describe how subjects can be monitored before^ during, and after treatment 

25 

Evaluation of Pre-iransplant Induction Chemotherapy Cycles 

Blood san^les ( 10 cc in green-top heparinized tube) are drawn to evaluate die effects of immune 
depletion. This saiiq>le is drawn jiJist prior to each cycle of induction chemotherapy (widiin six days of 
die next cycle). E9q>eriments can include die use offiow cytometry to detect dq>letion of lynq>l^^ 
30 versus inydoidsubpopuhtions during induction chemothen^y. 

Evaluation ofDranspiani (^hemothenqfy Preparative Megimen 

Blood $a]i9>Ies (10 cc in green-top heparinized tube) are drawn to evaluate d)e effects of die 
iludarabine and cyclophosphamide regimen on iTmmme depletion in a subject Tixxaspoints that can be 
35 used are: 1) immediately prior to preparative regimen chemotherapy (day -6); and 2) just prior to die 
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PBSCr(dayO). E^qpermentsccHisistof flowcytonxtxytode^ 
xnyeloM si]biMq;)u]atioiis in Ifae 

Cydosporine Monitoring 
5 Blood samples (5 cc in green-top hqparinized tiibe) aie tested 

nwiftlrtt pftgfr-Anmqilant; mwi tfum mnm per wwV fnr the wftxt twn werfca. AftCT tfae filSt font Wecks pOSt- 

transplant additi<mal blood for CSA levels is sent if cBmcally indicated (occnrrence of nausea, voEaitiqg» 
headaches, hypertension, increased creatinine). 

Evaiuadon ofTypelvenus Type U Cytokine Effects Post-^nm^lant 

Blood saii^>les (40 cc in green-top hepaiinized tubes, and 10 cc in serum collection tubes) are 
drawn once weekly at die following timepoinls: prior to starting induction cheinotibet:q>y, jnior to each 
induction chepipttierapy<y;le, arid dieneacAwedc ate 

post-tansphmt Samples are analyzed to measnre plasma levels, jirtracelhilar cytokme levels, and gene 
exfnessicm analysis of type I vetsos ^pe n cytolmies in^ first 100 days post-transplant; widi 
coixelatioiisbeiqgjnade to level of GVHD observed. Ifdiere is a clinically-significant increase in the 
level of GVHD» blood san^ilcs can be drawn to test for cytokine diang^ during QVHD. 

Determination of Donor/Hosi Chimerism Post-Tran^ant 

Blood sarnples (10 cc in green-top liq[)ariiiized tid)e) are drawn to evaluate ti» 
versus host ddiiiensmpost-traiisplaiit Ifaresuttofrnixedchimetismisobtainedatday 15I)ost- 
t^Ulsplant subsequent draws are increased to 60 nil of blood so diat oeU 8(»ti^ 
performed (to evaluate chlmerigm in cell subsets). Timepoints for chimerism analysis are: day 15, day 
30, day 60, and day 100 post-transplant After day 100, chimerism is determmed if clinically indicated 
(in the setting of disease jgthpset). Clhimerism can be evaluated using a PCR-based assay. 

Evaluation ofLnmuneMeconstitution Post-Transplant 

Blood (25 iril in heparimzed tube) is evaluated for Trmrame reconstitution post-transplant 
Included is an evaluation of T cell receptor diversity post-transplant using a PCR-based assay. Sarnples 
30 are evaluated mondily for 3 months, and tiiien every 3 months for die first two years post-tiani^lant 

Gn Study Evaluation 

Clinical blood tests (CBC with differential, electrolytes, liver and mineral panels): for induction 
chemotherapy period, day 1 and then twice per weelq for ii^tatient period post-transplantation, daily, after 
35 discharge post-transplant; once per week. Follow-up visits are at day 140, day 180, day 290, and day 365 
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post-transplant Patients axe followed every six loonlfas for one year, and Aea yearly until 5 years post- 
tnnsplanL 

Off Stu^ Criteria 

5 Patients aierepiovedfipom flg clinical trial if tiiere is in ts verai ble dose limiting toxicity during 

die induction chemotiien^cycl^ Tins is defined as any grade IV toxicity v^ch precludes tl^palie^ 
fom receiving die cheniotiierapy on die timeHne detailed in die Liaddition» patient non- 
compliance or patient withdrawal can be grounds for removal of tiie subject £com die clinical triaL 

10 Post-Study Evahutdon 

CKnic visits are continued for a period of two yearapost-traa^ Management of patients 
during tins period with r^ard to blood tests and ndiogrqplnc studies are pei^^ 
Tiidicwted. 

IS Toisdcity Criteria 

Tbe NCI Common Toxicity Criteria version 2.0 is used. This document can be found at die NIH 
website. For tins study, the develqpnient of hyperacute GVBD is consideied a toxidtyH^ 
todielhZcelladininistiation. Hyperacute GVHD is defined as severe GVHD (grade 3 ox 4) diat occurs 
indie first 14 days post-transplant. 

20 

EXAMPLE 13 
CUnical Trial Results 
LnmuHoablative Induction and Freparative Eegimen 

Disclosed herein is a novel reduced intensity allogeneic PBSCT protocol that incorporates host 
25 immune T cell ablation prior to PBSCT. An induction chemodier^y regimen of fludaiabine in 

combination widi die agents cootained in the EPOCH regimen (see Exanqile 8) were used. The primary 
purpose of administeriQg dus chemodier^ cycle was to adueve a hig^level of host iminnnosiypression 
prior to aUotransplantation. The development of induction dbemother^py regimens ^fdiich induce severe 
host T cell depletiori, without inyeloablation, is a desirable goaL Attenapts have been nnde to reduce the 
30 CD4 count to less than 50 celb per |il prior to adunnistration of the transplant preparativ This 
level of host C£)4^ T cell depletion is associated with significant irmmmosuppression and a reduced 
ability to reject allogeneic cells in patients widi B cell malignancy. 

An initial treatment cohort not receiving donor Th2 cells (i:f=19) was studied to evaluate an 
immnnoablative reduced intensity regimen, and to determine the incidences of mixed dumerism, GVL 
35 effects, and acute GVHD associated widi this method. Patients, most of whom had chemodier^y- 
refiactory non-Hodgkin's lymphoma, were treated wrdi ou4)atient EPOCH coinbined with fiudarabine 
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(BPOCH-F; 1 tn % ryr.lft^ ^ Fxftlifylft ^} ♦a TftAirft miiKgnftwcy fltwf rBdnci'ft hfist mrnmne T ggll immherB 

pnortoPBSCT. In each case, a nmdced reduction in Tcelk and dtberst^ 

responses to fee chemoHiftrapy was observed £PCXI!H-F reduced median host C3M^ and CDS'*' T cells 
from 239 to 63 ceUs/|il and from 242 to 62 cells/|i], respectively. 
S Following fhidaiahine and EPOCH induction chemother^y, patienis received prqsarative 

regimen chemofherapy (concQmilant fhidaiabine [30 mgteVday x 4] and cydophosphamide [1200 
mg^/dayx4]). This treatment fiutiiCT reduced host CIM and CDS cotmts to med^ 
0.4 cells/pl, respectively. This inmammablative host piqwiation resulted in rapid complete donor 
engrafhnent, wifh median day 14 post-SCT donor lyn^hoid and myeloid diimerism of 98 and 99%, 

10 respectively. R^d engraffanent was associated witii clinically significant anti-tumor reqx)nses» ^dhidi 
occuired wiOiout donor lynq)hocyte infusion or removal of GVHD proplxylaxis (single-^ent 
cyclosporine A). A significant conponent of die anti-tumor effect was likely due to an allogeneic GVL 
effect; as die oonplete respcmse late advanced from 7/19 (36.8%) at day 28 postSCT to 12/18 (66.7%) at 
d^lOOpost-SCr. However, Ihis GfVL effect was assodated with acote GVHD (lai^gp of gra& 

IS grede in GVHD severity,^ on fteGhidksbeig scale of 0 to IV) of Grade 0 to I (7/19X Gnde H (6/19), or 
Grade 10(6^19), which occuired at a median of 31 days post-^Cr. Five patients had a GVHD severity 
diat necessitated fbe institution of systemic steroids in addition to the standard CSA GVHD prophylaxis. 
Therefore, host immunoablation prior to reduced intensity allogeneic PBSCT results in rapid donor 
engtafinient and aUogeneic GVL effects, but is limited by acute GVHD. Because oftiiis significant rate 

20 and severity ofGVHD,titiB use oflli2cdl8 in this allogeneic PBSCT setth^ was examined. 

Ailogeneie PBSCTin the Treatment of Leukemia and Lymphoid Nea^asia 

Allogeneic bone marrow transplantation represents a potential treatment ^mt patients widi 
nmlt^le hematologic and lyxiq>hoid malignancies. The allogeneic GVL effect contributes to disease 
remission in acute lymphocytic leukemia, acute myelogenous leukemia, chronic lymphocytic leukemia, - 
chronic myelogenous leukemia, indolent and high-grade non-Hodgkin's lymphoma, Hodgkin's 
lymphoma, multiple myeloma, and myelodysplastic syndrome. Because the EPCXDH regimen has an 
established response rate in patients widi chemotiierapy-refiactory lymphoid malignancy, such patients 
were eligible for this study. The addition offludarabme to EPOCH may further improve the antirtumor 
effects of this regimea However, the activity of fhidarahine and EPOCH chemolher^y 
leukemia is not known. As such, patients witiilenkenua (AMU n^ocfy^lasia, ALL, and CML^ 
candidates for this protocol only if they had a rebtively low disease burden (< 1 0% blasts) . 
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AOageneic SCT WM Th2 CeSs: Initial Phase I Eesuits 

Using die innmmoablative leduced in^^ 
donor CD4'*' Th2 cells after G-CSF mobilized, T cell replete allogeneic PBSCT was examined. 
5 Donor CD4 cells were cultored ex vivo as described in die above Examples to enhance Ttil 

diflferentiatton. In aOcases, die cohuienietiiod disclosed herein geDsial^ 
were 68%-99% puce for CD4^Tcelk and less dmnl%cQntmiinated by Oihnied 
cells were administered on the day after allogeneic stem cell transplantation. 

Tbe initial diree patients were enrolled to Th2 cell dose level #1 (5 x 10^ Tfa2 cells/kg). Acute 
G VHD grade n (ff=2) and grade m (n=l ) were observed; al&ongfa, no senous adverse events attributable 
to die Th2 cells were identified. Since no hyperacute GVHD or grade 4 or 5 toxicity attributable to the 
IM cells was observed, and there was no q^>arent decrease in acute GVHD with this Hil dose, it was 
determiiied diatdus dose kVel was safe, aiid accrual to dose level #2 commenced. 

In die second 11i2 dose cohort (25 X 10^ cellB/l^ nF6), die initial pot^^ 
coanplete lemissiQn fiom xefiactDry bulky lynophoma, but died of DIG and shock at day 22 post-SCT 
(grade n clinical GVHD). Subsequent patients at TUlevd^ had rapid recovery of heinatopoiesis»widi 
fldl donor lynq>lmid and iiiyeloidchimBrismwidK>ut significant to That is, in each case, die total 
blood mononuclear cell donor chimmsm, as indicated by VNTR PGR analysis, was at least 99% by day 
14 post-transplant (range 99 to 100%). Therefore, die Th2 celb do rK>t a]q)ear to iiiq>air or riegatively 
influence engraftment By comparison to odier published studies using allogeneic stem ceO 
tran^lantation jHtparatxve chcmodier^y regimens similar to diat used herein (prqiarative regimens of 
reduced intensi^ "noo-niyeloablative'O* it qppeazs diat this high level of donor clmnerism early post- 
transplant has not been previously documented. As such, allogeneic tran^lantation in diis marnier with 
Th2 cells results in very nqpid donor engraftment Because it is well established diat optimal anti-tmnor 
effects occur when full donor dmnerism is established post-tnmsplanty dus clinical result is 
advantageous. 

In all cases, Tli2 ceU administration resulted in immune cell activation post-transplant One 
characteristic of this immune activation was eariy alloengraftment which is initially primarily of 
lynqphoid origm. In traditional allogeneic tranq>lantatian, engraftment is heralded by a return of myeloid 
cell peculations post-tzansplant However, in die Th2 redpients^ lymphoid cell populations iHedominatBd 
eady post-ttanqilant (at day 7 to lOX snowed by stable mydoidengrafbnenl Therefoe, ceU 
administration results in an immune activation characterized by early return of lynqphocyte populations 
post-transplant Flow cytometry studies characterized tins early donor lymphocyte engraftment as 
including ofbothCD4^ and CD8^T cells. Because the Th2 cell infusion contains only CD4^ T cells, the 
Th2 cell infiision activates bodi CD4^ and CD8^ lymphoid T cells present in the G-CSF-mobilized 
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po^diend blood stem cell graft. Thus, wiliu>i2tbeiiig bound by tiieoiy^llie 11^ 
tfwnmwft ceSs CQiitamed in ffae amventioDal allogeneic stem cell tranq>lant pioceduie. 

Four cases were tested to detennine die cytokine secretion cells of lymphocytes harvested from 
recipients. Inimmie T cells harvested fiKmTh2recq>ients at day 12 to 14 post-trai^ 
S secreting both type I (IFN-y) and type n(IL^,IL-10)cyto]dne^ This cytoldne-secietiiig ability has not 
been deinonstratBd in odiernoiHlh2oen transplant rec^iei^ Thus* tins provides fiirdiBr evidence that 
die Th2 cells augment iTTmninift cell activation post-transplant Cytokine secretion post-transplant in Th2 
lec^ents appears to be augmeotBd in both CIM^ and CX>8^T cells. Wittiontbeiz^ bound by dieory» this 
resutt is consistent wtlh a 11i2 ceU efifect diat resnhs in imn^ 

10 contained in die allogeneic stem cell graft Hi2 cell acdvation of bodi type I and type U cytokines post- 
transplant is likely to be advantageous relative to sole activation of only type n cytokines (which may be 
associated with reduced anti-tumor effects). 

At dose level 02 ofVal cells (25 x 10^ cells/kg), diere ^ypeaied tobeiedocedGVHD, widifinir 
patients having no clinical acute G^S^n> and one having only Anti-tumor 

15^ responses \(fm observed in refiactory malignancy patientsf^indudmg a molecular GR in a patient widi 
accelerated phase GML. In each Th2 recyient diat was evahiable for malignant disease response, at 
some point in the post-transplant course, a reduction in tumor burden was observed. Thus, without being 
bouixi by theory, Th2 cell administration q^iears to initiate an imnimie ceU acti 
activation is associated widi the observed anti-tumor effects post-tran^lant 

20 Because Th2 dose level #2 aduevedaUoengraftmei3t with anti-tumor req)on^ 

augmentation of T cell replete allognifis widi co-stimulated Th2 cells does not qipear to abrogate 
allogeneic GVL efiTects) and Hunted GVHD (2/6 grade II-IV acute GVHDX diis amount was a candidate 
for evaluation in the phase H aspect of die protoooL 

25 Allogeneic SCT With Tk2 Ceils: PftaseU 

Current study accrual is proceeding on Th2 level #3 (125 x 10^ cells/kg; nr=6). If the safety and 
feasibility of dose level #3 is demonstrated in diese initial six subjects, 18 additional subjects wiU be 
treated with Th2 cells at dose levels (125 x 10^ cells/kg). If dose level #3 results in more dian 1/6 Th2- 
lelated adverse events or mdre dian2/6 cases of grade n to IV acute GVHD, die additional IS subjects 

30 willbe treated atTh2 cell dose level #2 (25x10^ cells/kg). IfrectpientsofTh2 dose level i0 have 0/6 or 
1/6 cases of severe toxicity and 0/6, 1/6, or 2/6 cases of grade n to IV acute GVHD, die additional 1 8 
patients will be treated at dose level #3. Ifttie high dose ofTh2 cells can not be consistently goierated, 
the phase 11 conqxment of accrual may be initiated at dose level 
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llierefore, 24 total patients \viU be tiea^ 
10^/kg. The rate and severity of acute GVHD in liiese 24 Tll2iec^i^^ 

protocol cohort of 19 patients receiving transplant^tum without Th2 cells (12/19 vnik grade n to DI acute 
GVHD). Tins study aUowsoixe to detBniiinewhed)erTh2adniiii^^ 
S tibe initial odxxrt that did not receive Tli2 ceUSi 

It is pn^x>sed lhat recqiients of lite Tli2 cells win h^ 
lec^ients. Li die oolioitofnQn-Th2xecq>ients» die incidence ofgraden to grade IV ac^ 
12/19. Thgefcgc, die true rate of grade U to IV GVHD without Thl cells is approxinjolely 60%. IThe 
expanded cohort of if^4 Th2 recipients may have a significandy reduced incidence of grade II to IV 

10 acute GVHD. For exanq)le, die inddence of grade n to IV acute GVHD may be reduced fiom 60% 
widioutTh2 cells to 20% widiTh2 cells. 

The predicted power to detect a Th2-niBdiatsd reduction in g;tade n to 
60% to 20% in die eiqpsnded I1i2 cohort win depend on die inddenoe of gra^ 
dining die phase I txiaL Using a two-tailed conditimwl power statistical analysis at die p O.OS level, 

15 aocmal of 18 additional suftgects to a Th2 cell tre a t m e ut am will provide eidier 72%^^?%^ or 95% power 
to detect a Th2-mfdia trd reduction in the incidence of grade n to IV GVHD from 60% to 20%. 
Spedjfically, the initial incidence, from die phase I accrual, of grade n to IV acute GVHD for die Tfa2 cell 
dose selected for the phase n coiiqx>nent will be eidier 2/6, 1/6, or 0/6,. For these conditions, the 
statistical power for detectirig a reduction in grade n to IV GVHD from 60% to 20% would be 72%^ S7%, 

20 or 95%, respectively. 

To he^ensmedrnt the Th2cdb continue to be safely a dm inistered in the eoyan^ 
same acoual and stopping rnles pertaining to severe toxicity attrilKitBd to die 1^ 
Specifically, 24 total patients (6 in the Phase I cohort; 18 in the expanded Phase n cohort) will be 
evaluated at eidier Th2 cell dose level #2 or level #3. Accrual and stopping rules pertaining to severe 

25 toxidty attributable to lli2 cells will be applied after each cohort of six patieiits. Therefore, if at any 

point, die frequency of severe toxicity attributable to the Th2 cells exceeds 1/6, 2/12, 3/18, or 4/24, then 
accrual to diat treatment arm will be stopped 

An additional accrual and stopping role pertaining to acute GVHD wiU be utilized 
esqwnded Phase n cohort Theincidenceof grade n to IV acute GVHD in non-Th2recq>ients was 12/19, 

30 or63%. In die ejqpanded cohort ofTh2rec^ents, die incidence ofgraden to IV acu^ 

calculated on an ongoing basis and reviewed weekly. Ifat any point in protocol inqilementation the 
incidence of grade n to IV acute GVHD in Th2 recipients is 60% or greater, then frirther accrual to the 
protocol win be stopped Upto2/6casesof grade n to IV acute GVHD will be allowed for expansion of 
Th2 accrual to die phase n con:9>onent Therefore, it is possible that the phase n component of the Th2 

3 5 accrual may be stopped aiier 4 patients (if each develops grade n to IV acute GVHD). 
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Jn sunnnazy, die results disclosed herein indicate fliat inmmnoablative ledi^ed intensity 
allogeneic PBSCTwidi donor HiZ cells (such as the 25 x 10^/kg dose) is associated widinq>id 
engFBftmenl, GVL effects, and a &vorable GVHD incidence and seventy relative to conventional 
allogeneic transplantation using single-agent CS A GVHD prophylaxis. 

5 

EXAMPLES 
Tli2 cdls in the Treatmoit of Antoimmone INsorders 
Allogeneic and autologous Tfa2 cell transpbntatiQn can be used for treatment of autoinnnune 
disorders. Subjects who could benefit fiom tins form of iherapy are individuals wi& severe 
10 a n f A iinn niiiTt y that m not responsive to conventional treatment apprpaches. Such subjects can include^ but 
are not hmited to, diose with rheumatoid arthritis* C3iron*s disease, systemic lupus eiytfaemetous» or 
multq>le sclerosis. 

Wifli die use of altegeneic Tfa2 cells to tzeat antoimnmne disocders, dtt 

system; Whirhig illi*i«t!Pg Awftrmmnnm> gymlmfne^ wHI lift fgplaced hy ft hcallhy ftMogeneic donor 

15^^ immnne system, in this treatment protocol, the re^lent*s munune system is dq>lete4 for example fay 
using chemodiecBpy as described in EXAMPLE 8. In (Mse enibodiment, chenK>diBrq>y includes 
fludarabiniP in ff^mi^™*^"" wirti nUhpr digmntfierapy ftgeniR Aat gyneigistically induce immime dqiletion 
(e.g. agents found in the EPOCH chemodserapy regrmen). 

Once immune depletion has occurred, the recipient receives preparative regimen chemotherapy 

20 with fludarabine and cyclophosphamide, followed by tran^lantation of a T odl-rqilete aUogoieic 

peripheral blood stem cell product This stem cell product is collected after G-CSF mobilization, and 
contains at least 4 X 10^ donor Q>34^ stem cells^ and fom 40 to 400 X 10^ 

(contBiningbodiCX>4^ and CD8^ subsets). On the day fonowiiigPBSCT,€Qcvfvo generated donor CIM^ 
lTi2celk are a dminis t er ed at a therapeutically effective dose, such as a dos^ 

25 cells/kg. With this approach, it is likely that 100% donor lynq)lK)id and rrr^loid en 

in such autoimmune recipients. Reconstitation of inmnmity widi a normal donor immune system dien 
alleviates the autoimmune disease. 

When autologous Th2 cells are utilized to treat autoimmune disease, recq>ients are treated with 
immune-depleting diemotherapy to eliminate die B and T ceU populations diat contribute to the 

30 autoimmune disease, hi ong milN^^ifgt^ Ifa*^ '^hgmolfapTapy inrh'*^^° juimiiikii Ation nf fhidaiabinR in 
conibination with otiber chemolherapeutic agents (e. g. drugs found in die EPOCH chemotfaer^y 
reghnen). The rec^ient is dien additionally treated widi a niore intensive immune-deple^^ 
containiog fhidarabine with a higher dose of cyclophosphamide. After immune depletion, the recq>ient is 
reconstituted with autologous peripheral blood cells that contain both CIM"^ and CDS* immune T cells. 

35 Widiin 24 hours after such transplantation, autologous dM*^ 112 cells are administered in the dose range 
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of25tDl2Sxl0^ceIIs/te- Widi Ibis i^qxroach, based on ffaeclo^ 

tiie autologous imnnme system is lecoostitQlBd widi a shift towards a moie anti-iiiflainniatocy^ Tb2-type 
fmimine profile. Thislli2-KiriveniiiiinaneiecQiistita& 

reduction of synq>tonis of die autoimniiuie disease, or a deciease in tissue destruction of the target of the 
5 autoimmune disease. 

EXAMPLE 15 
Tbl Cells in Solid Organ Thmsplantation 
Graft rejection remains a serious obstacle for die use of solid organ transplantation to treat end- 
10 organ&ihne. Host inmnme cells that recogoize donor alloaiitigens present on the solid org^ 

responsible for graft rejection. In allogeneic stem cell transplantation involving Th2 ceHs^ 100% donor 
lymphoid engraftment occurs widioiit a high rate of GVHD. Alloengraftment with reduced GVQD after 
Th2 infusion also represents an opportunity to transplant donor-type solid organ grafts without graft 
rejection. 

IS ' In thig tnettiod, snhjceta havii^ enA^fligan faihm mt wmniiiMvAyligteH^ fer min^lfi rfi^gg j^. 

inmmne-dq^letiiigdheniodierqyydesaribedinEXAM^ SidgectseKgibkibrlldsqipniacb 
but are not limited to» diose widi hmg Mure, renal fiulme, heart 

&ilure, and those with resultant diabetes mellitus. in one exanq>ley chemotheF^y consists of fludarabine 
in conotbination widi die cheinothenq>y agents found in die EPOCH regimen described above. 

20 Subsequendy, reorients are treated widi fludarabine combii^ with higher doses of cyclophosphamide. 
After diis innnnne-depleting chemotherapy, recq>ients receive a T cell-replete allogeneic peripheral blood 
stem cell transplantation from the individual who will donate the solid organ graft, or ftom an individual 
HLA-matched widi the solid organ donor. Widiin about 24 hours ofreceiviiig the stem ceUtrarisplan^ 
subjects dienrecdve additional donor C3M'*'lli2 cells, such as between 25 an^ Once 

25 con^lete lymphoid alloengraftment is achieved with this Th2 s^yproach, the recipient then receives ftie 
solid organ transplant ftom the dmior. 

EXAMPLE 16 

Pharmaceutical Compositions and Modes of Administration 
30 Various delivery systems for administering ftie dier^es disclosed herein are known, and 

include encapsulation in liposomes, nricr opar ticles, niiaociq[)snles, e^qiression by reconibinant cells, 
receptor-mediated endocytosis CWu and Wu, 7. BioL Ckem. 1987, 262:4429-32X and ooxetruction of 
dierapeutic nucleic acids as part of a retiovnal or odier vector. MediodsofintroductioniDChide,butare 
not limited to, intradermal, intramuscular, i n traper it oneal, intravenous, subcutaneous, fntiffn^^f^l^ and oral 
35 routes. The coriqx)mids may be adnunistered by any convenient route, for exani^ 
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sQectkn, by dmxpticmllinni^ 

and ip frgHwal mncosa, etc.) and maybe adnmustcred togedier with odier biologically active agents. 
A-dministnitioii can be systemic or locaL Phannacei]t2calconq>ositions can be introduced into the cenlr^ 
nervous system by any suitable route, including intraventricular and intiatliecal injection; intiavenlxicular 
5 iigection may be fedlitated by an intraventricular catheter, for example, attached to a reservoir, such as an 
Qmmaya reservoir. 

The present disdosme also provides pharmaceutical compositions which include a 
dieFq>eutica]ly efifective aiiiount of purified 7h2 cells, alone or wiflt a p 
carrier. Furfcetmoie, the pharmaceiitical compositions or inetiiods of treats 
1 0 combination with other tiieiapeutic treatniBnts, such as chemotiicr^ieutic agents and/or anti-tmnor 
flierapies. 

Ddhery sysieaut 

The iJaimaceHticaUyaocqrtabtecaniera useful herein are c oiw 

IS PhdhnaceudadSciences^hyl^^ 

compositions and formulations suitable fixr pharmaceutical delivery of tiie purified Th2 oelb herein 
disclosed. In general, the nature of the carrier wiU depend on the mode of adininistrat^ 
enq>loyed. For instance, parenteral fimnnlations usually conq;mse injectable fhnds tiiat include 
phannaceutically and physiologically acceptable fluids such as water, physiological saline, balanced salt 

20 solutions, aqueous dextrose, sesame oil, glycerol, ethanol, combinations tiiereof, or die like, as a vehicle. 
The carrier and conofposition can be sterile, arid die formulation suits tiie mode of adnumstration. In 
addition to biological^neutral canierSy pharmaceutical cornpositions to be administesred can contain 
manor amounts of non-toxic auxiliary substances, such as wetting or emulsifying a^nts, preservatives, 
andpH buffering agents and the like, fix exan9>le sodium acetate or sorbitanmonolaurate. 

25 The con9)ositioncanbe a Uquid solution, suspension, emulsion, tablet, pill, capsule, 

release formulation, or powder. For solid coxnpositions (e.g., powder, pill, tablet, or capsule formsX 
conventional non-toxic solid carriers can include, for example, pharmaceutical grades of mannitol, 
lactose, starch, sodium saccharine, cellulose, magnesium carbonate, or magnesium steaiate. The 
conq)Osition can be formulated as a sqipository, widi traditional binders and earners such as 

30 triglycerides. 

Ernbodiments of the disclosure con^firising medicaments can be prq[>ared widi conventional 
pharmaceuticaUy accqptable carriers, ai^uvants and connterions as would be known to tiiose of skill in 
the art 

The amount of purified Th2 cells effective in tiie treatment of a particular disorder or condition 
35 will depend on the nature of the disorder or condition, and can be determined by standard clinical 
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tBcfaniques. Inaddition» m vi/>Y>assayscanbeen^loyedtDide^^ T1ie]irecise 
dose to be employed in the fonnulation will also dq>eiKl on Ae route of admmistratioii» and 
seriousness of the disease or disorder, and should be decided according to Ihs judgment of tbe practiti(»ier 
and eadi subject's circumstances. Effective doses can be extr^lated from dose-reqxmse curves derived 
5 fionimW&t> or amnialnxMieltesI systems. 

The disclosare also provides a phannaceutical pack or 1^ 
filled with ODB or more of the ingtedienls of the phannaceiiticdOT Optiapally ass o ciated wilh 

such cQDlainei(s) can be a notioe in tfiefomi prescribed by a govemm^^ agency regulating the 
manu&cture, use or sale of pharmaceuticals or biological products, which notice reflects a|proval by Ihe 
10 agency ofmanu&ctnre, use or sale for hnnHmadministraliQn. Instmctions for use ofdie composition can 
also be included. 

Such conopositions are useful as theiapeutic agents when constituted as pharmaceutical 
compositions with die appropriate canias or diluents. 

IS MvieW'ofihe many possible enibodimBnts to whi^ 

qypHed, it should be recognized tfiat Ihe iUnstcated embodinients are only particular exan^les of the 
disclosure and should not be taken as a limitation on the scope of the disclosure. Radier, the scope of the 
disclosure is in accord with the following daims. We therefore claim aUtibat comes widnn the scope and 
^irit of diese claims. 



20 
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Wedaiiii: 

1. AnetfaodofpzododngapoiHihticmofsi^^ 

CQDOpilSlD^ 

stimulating a population of substantially puiified CD4'^ T cells isolated fiom a subject by 
5 coxitactiDg tiie population witii anti-CD3 monoclonal antibody and antibody tiiat specifically binds to a T 
cdOlcostimuktotynttleciile, in flie presence of a Th2 supportive - 
population of substantiaUy purified CD4'^ lli2 lynqibocyta 

2. Thenietlx>dofdaiml,^^iercm1iieTfa2siqypo^ 
10 IU/nilofIL4. 

3. Tben^thod of claim 2»iwbciein the Th2siqypoitiveenv^^ 
IU/nilofIL-4. 

IS 4: Hie meftuod of daim B^^wbeiein "die Th2 siqypartive environment comprises about 1000 lUAnl 

oflL^. 

5. The mefliod of claim 2, wherein the Th2siyportiveen v k 
tiian about 10 lU/ml of IL-2. 

20 

6. Tbe nagfliod of claim 2, ^^dicrein tite Th2 siq>portive environment finrdier conyrises no more 
to about 20 lUAnl of IL-2. 

7. Tbe mediod of claim 2 wherein the Th2 sqypoitive envinmment farther comprises less than 5 
25 IU/mlofIL.2. 

8. The metiiod of claim 7 wherein the Th2 siqyportive environments further comprises less than 
lIU/!mlofIL-Z 

30 9. The melhod of claim 2, wherein the TUsi^yportiveen^^ 

0.004 to about 0.1 n^iamycin. 
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10. Ihe znethod of claim 1, further ccmiprising allowing the stinmh 
cells to proliferate in the Th2 5iq>portive environment 
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11. lliemefliod of claim lOy^wheremtfaeT^ 
IUyiiiIofIL-4. 

5 about llU/ml of IL>2. 

13. Tlie method of claim ll,i?dieremteI1>2 8U|^ 
more tiian about 20 lU/ml of IL-2. 

10 14. Ilie me&od of claim l.wbeidntbesubsfaiitiaUypun^ 

into a CD4^0^ T cell populatiaiL 

15. The method ofc]aiml,^viieiem11ie at least one Th^ 

15 16. The mediod of claim 1, wberein the population of substan^^ • 

lynq>hocytBSConqixiseslessthan5% Till lynq>hocytes. 

17. The method of claim 16, i0^iBieintibe population 
lymphocytes comprises less than l%Thl lynqxhocytes. 

20 

18. The method of claim l,wlietem&epopu]atk>n of substantiaUypn^ 
lyn^^hocytes produces less dsan 10 p^nil of lL-2 per 1 X 10^ QM^ 1^ 

19. The method of claim 1, ^eiein the populatioD of substantially purified CD4* Th2 
25 lymphocytes produces at least 1000 pg/ml of IL-4 per 1 X 10^ CD4^ Th2 lynq)hocytes. 

20. The method of claim 1, further coinprising conyaring the purity of Ihe population of 
substantially purified CD4'^ Th2 lyniphocytes widi a substantially purified population of purified CD4^ 
Thl cells. 

21. Thft method of claim 1 , fiirrtiRr mmpriging Tt>.^T«ii1atTng tfie snhRtaTiHalTy pimfiA^ PTVl* 

Th2 lynyhocytBS with an immobilized anti-CD3 monoclonal antibody and an immobilized antibody dmt 
specifically binds to a T cell costimulatory molecule after allowing ^ ceUs to proliferate in die Th2 
supportive environmenl 
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22. 11ieiiieAodofc]aim21,^^iereinaeie-^^ occuxB witluii about eight 
to about twelve days of Ifae initial stfinnfatimi of tte T cdb, 

23. The melfaod of claim UfurdiBrcoii][ffis]^ 
5 lyii]{>hocytes. 

24. The mdhod of chum U wfaeranlhe antibody tiiat sqpedfically binds to a T cell costimulatmy 
leceptoT specifically binds CD28, inducible costimulatory molecule QCOSX 4-lBB lecqrinr (CI>wl37X 
lympbocytB function-associatBd antig€xirl(LPA-l), CD30, or CD154. 

10 

25. llie melhod of claim 24, wherein the antibo^ that specif^ 
molecule q)ecifica]ly binds CD28. 

26. 11ienedK)dofcIaiml,iidieareintiieantibodira ; 

15 

27. The mediodofclaim 26, wherein the antibodies are imniobilized^^ 

surface. 

28. A CD4^Th2 cell produced by the mediod of claim 1. 

20 

29. A metiwdofpiodncing a population of siibslantianypu 
comprisingi 

obtaining a population of CD4^ T lyn^hocytes fiom a subject 
purifying a population of CI>4'*R0^ T ceDs fiom ihe CD4'*' T lymphocytes; 
25 initially stimulating the CD4* T lynphocytes in a media conq>rising an anti-CD3 monoclonal 

antibody, an anti*<:i>28 monoclonal antibody, about 1000 lUAnl of IL^, wherein the anti-<D3 
monoclonal antibody and the antirCD28 monoclonal antibody are immobilized on a magnetized solid 
substrate; and 

re-stimukting die T lymphocytes in the media, thereby producing a pcp^ 
3 0 purified Th2 lymphocytes, wherein the population of CD4* Tb2 lynq>hocytes is substantially fiee 
of Till lymphocytes. 

30. The method of claim 29, ^^lerein the media fbrtfiBr comprises no more than about 20 lU/ml 

11^2. 
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31. A sobstanliaUy purified populatiim of CD4'*' 11^ 
camprises less fbaa 5% CD4^ Thl lynyhocytes. 

32. The substanliaUy purified popiilation of CIM^T1i21^^ 
5 popiilation conpises less dian l%CD4'*' Thl lyn9)bocy^ 

33. Thesiibstaiitiallypuriftedpqpakti^ 

population produces less tiban about 200 pg^|ig of IL-2 per 1 X 1 0^ CD4 ^ Th2 tymphocytes. 

10 34. The substantially purified population of CIH'*^Th2 lymphoc^^ 

population produces less than about 1 00 pgM of IL-2 pa* 1 X 1 0^ CD4* lh2 lymphocytes. 

35. The subsbmtiaUy purified population of Q>4'*'lli21yi^ 
population produces less than about 10 pg^lJg of IL-2 per 1 X 10^ C3^ 

15 

36. The substantially purified populadon of C3M^ 
pqpuhdon produces at least 1000 p^od of per 1 X 10^ CD4^ 

37. A method of transplanting allogeneic donor imniime cells to reconstitute immunity in a 
20 recq>ient having a tumor, conpcising: 

depletmg at least the recqiient's T cells dmt mediate graft rejection; 

administBring to the recqpient a fiieirqieutically e&ctive amount of a population of allogeneic 
ceSs conq>nshig CEM^ and CD8^ T ceDs; and 

administerii^ to the recq>ient a dieiiq)eutica]ly effective amount of a population of CD4'*' Th2 
25 cells, diereby transplanting allogeneic immuue cells into the recq>ient and reconstituting immunity in the 
recipient. 

38. The mettiod of claim 37, herein Ihe tumor is a carcinoma. 

30 39. The method ofclaim 38, wherein die carcinoma is a renal cell carcinoma, ovarian cancer, 

breast cancer, colon cancer or malignant melanoma. 

40. The method of claim 37, wherein the population of donor allogeneic cells con^irising CD4* 
and CDS'*" T cells are administered as a perq>heral blood stem cell product 
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41. T1iemBflK>dofclaim37,wherdn^tamOT 

n^og^us leukemia, chronic lymphocytic leukemia, chronic myelogenons leukemia, acute 
myelogenous leukemia, chronic lymphocytic leukemia, chronic myelogenous leukemia, indolent non- 
Hodge's lyoq>homa, hig^-grade non-Hodgldn's lymphoma, Hodgldn's lymphoma, multiple myeloma, 
5 or myelodysplastic syndrome. 

42. Tlie method of claim 37, i/^ieieindq>letingtiierecq>ieDt*sTce]hcon^^ 

to die rec^ent an induction chemotherapy regimen comprising a tfaerapentically efiectnre amount of 
etoposide, daxorubidn, vincrisdne, cyclophosphamide, and prednisone. 



10 
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43. 11iemediodofc]aim42,\;^iereintfaeinductkmdiemod}er^yregi 
administeniig to die recqnent a therapeutically effective amount of fhidarabine. 



44. The method ofclahn 37, wtoeindqpledi^ die recqiient'sT ceD^ 
IS ' ?<1"H"ifttHring ft% tfie TBcipiftnta- LMiMplaiit preparativeeheniftflici'A|]iy tegimcn ofii^^tyiiUiii^a flier^>eaitically 
effective amount of fhidarabine and cyclophosphamide. 



45. The method of claim 37, ^lerein die allogeneic T cells are from an HLA-matched first 
degree relative donor. 



46. The mediodofclaim 37, ^rfieiein die allogeneic per^heial blood cdb em 
Th2 ceDs are produced by: 

stinmlating a pcqnilation of isolated CD4^ T cells by contacting the pc^mlation widi an 
immobilized anti-CD3 monoclonal antibody and an nmnobilized antibody that specifically binds a co- 
25 stimulatory molecule in the presence of a Th2 si^^xntive environment to form a stimulated population of 
TceU5;and 

allowing the stimulated population of T cells to proliferate in a Th2 supportive environment, 
thraeby producing a population of substantially purified donor CI>4^ Th2 lyiophocytes. 

30 47. The inediodofclaim 37, wherein the adrmnistration of aUogendccelkcoinprisi^ 

and CD8^ T cells and die CI>4^ Th2 cells is at die same time. 
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48. Themediodof claim37, wherein the QM^ Th2 cells are administered following die 
admimstration of the allogeneic cells comprising dM^ and CDS'** T cells. 
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49. The DKlhodofclaim 37, wherein file admmi^^ 

of tiie admxmstiatkm of Hbe allogeneic cells coooprising CD4^ and CDS*^ T cells. 

50. llieinedx)dofc]aim37,wfaetem11ieCIM^Th2ce]]8 are adnmusteied at a tune remote fitom 
5 the administration offlieaUogpiek cells com 

51. The mediod of claim 379^0^hexeinttieClM'^Th2ce]^ 
X 10^ cells per IdHogiam to about 125 X 10^ cells per Idlogram. 

10 52. ThenKt]K)dof claim 37» wherein die donor 004**^ Th2ceDsazeadniii^^ 

about 25 X 10^ cells per kOogram. 

53. A mefliodoftreating a siJ)ject having an autoimmmne disorder, 
depleting at least the sid>j6ct*sTcdbttiat mediate tiieautoimmintt 

15 ^. - administering to die subject a lhenq)eatical]y effective amount of autologous perq>liaal'blood 

cells conq;nismg CX>4^ and CDS*^ T cells; a^ 

administering to die subject a therapeutically effective amount of autologous CD4^ Tb2 ceUs^ 
wherein die adnunistration of die autologous peripheral blood cells and autologous CD4^ lli2 cells treats 
die autoimmune disorder. 

20 

54. The mediod of claim 53 wherein the autoimnmne disorder is riieamatoid arduitis» Grohn*s 
^ig^fift^ systemic hspas erydiemetousy multqile sclerosis^ or diabetes. 

55. A method ofpreventxng or limiting rejection ofasoHd organ in a recqfiiei^ 
25 depleting at least die recipient's T cells that mediate graft rejection; 

administering to the rec^ient a dierqieutically efTective amount of allogeneic peripheral blood 

ceUs comiH:ising stem cells, CM* cells, and CD8'*' cells; 

administeiii^ to the reci|>ient a dier^)eutically effective amount of CD4* Th2 cells; and 
transfplanting a sofid organ into die rec^ient, wherein die soUd organ is HIA-^ 
30 QM*** Th2 cells and die allogeneic peiqiheral blood cells, wherein administration of die allogeneic 

pei^heral blood cells and die allogeneic CD4^ Th2 results in preventing or limiting rej ection of the solid 

organ. 
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56. TbemethodofclaimSS, wherein liw organ is a Idulney, liver, heart, hm^ 
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57. TlieiiiedK)dQfclaim55,w]ieremdxerecq^^ 

consisting of renal fiahue, kidney fiitoTB^ heart fiuhre, Uver ftiliiiG^ Img fiihne^ or dtabetes. 

58. TliemeflK>d of claim 57»\vfaa«tn the soHdoisan,tiieC^ 
5 pexipbeial blood celb are from the same donor. 

59. A mettiod of decreasing a giaft-versi]s-host-disea8e(GV^ 

cniiijirifimg; 

administering to tihe subject a composition coinprising a population of substantially pmified 
10 CIM'*'11i21ynq>bocytBs prepared using the mediod of daiml, therein adnnnistiatioQ of the population 
of substantially pmiGed QM^ Tb2 lyaphocytss decreases a GVHD reqxxnse in the subject 

60. Iliemedx)dafclaim 59, ^wfaereinflie population of si^^ 
lymphocytes are oyopresecved and Aawed prior to administration to tiie subject 

15 

61. The method ofcbiim 59, iwherem the ipopulatkm of substan^ 
lynQ>liocytes are adnmustered at a dose of about 5 X 10^ to dbout 2 X 10* substantia^ 
lynq>hocytBS per kilogiam of subject 

20 62. Tliemediod of claim 59, wherein the composition fbrdierconq)nses^ 

acceptable carrier. 

63. The mediodofdaim 59, wherein the conqx>sition further conprise^ 
CDS* T cells. 

25 

64. The method of claim 59, wherein die composition is admimstered to treat a tumor. 

65. The mefliodofdaim 64 wherein the tumor is a heniatological or soUd tumor. 

30 66. The method ofclaim 59, fur&er coinprising administeri]:^ a cheniolh 

monoclonal antibody, to tiie subject 
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67. The melhodofclaim 65, herein the soHd tumor is a renal ceU carcinoma, ovar^ 
breast cancer, colon cancer or malignant melanoma. 
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68. The mediod of claim 65, wherein ftehenis^ 

letikeniia; acute myelocytic leukemia; acute myelogenous leukemia; myeloblastic, pron^locytic, 
myelomonocytic, monocytic and erydxrolenkemia; dnonic myelocytic (granulocytic) leukemia; chronic 
myelogenous leukemia; chronic fymphocytic kuloBmia; polycyOiemia vera; lynq>homa; Hodge's 
5 disease; non-Hodgkin's lynq[>hcmia (indolent and Idg^ grade forms); muttq>b nryeloma; Waldenstrdmis 
macrogpbbfuHnemia; heavy chain disease; nyelodys 

69. AmediodoftiealingasidyjecthavingatleastoiietQmQrcaiiq^ 
administering an immuno-depleting agent to die subject and 

10 admim stering a population of substantially purified CD4^ Th2 lynyhocytes prepared using the 

method of claim 1 to die subject, ^^bfireinadnmistration of die substantially purified 
iynphocytes treats the tumor. 

70. The inediod of claim 69, wherem -fte inmmno-depleting agesA is a chemotfaerapeutic agent 
15 -ornionodonal antibody. 

71. The riKsdiod of claim 69, ^dierein die population of substaiitiaUy purified 
lyn^hocytesareadininisteredatadoseofabGUtSX lO^celkperldlogramtoabont 125 X 10^ cells per 
kilogram. 

20 
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